INSTITUT FUR INFORMATIK IMU -
Lehr- und Forschungseinheiirf Ludwig
Programmier- und Modellierungssprachen Maximilians—
Oettingenstrafie 67 D-80538lMchen Universitdt
Miinchen

Molecular Biology Data : Database Overview,

Modelling Issues, and Perspectives

Peer Kroger

Diplomarbeit

Beginn der Arbeit:  18.12.2000

Abgabe der Arbeit: 18.06.2001

Betreuer: Prof. Dr. Francois Bry
PD Dr. Rolf Backofen






Erkl arung

Hiermit versichere ich, dass ich diese Diplomarbeit sélidig verfasst habe. Ich habe dazu keine
anderen als die angegebenen Quellen und Hilfsmittel verwendet.

Zorneding, den 17.06.2001 Peerdger






Abstract

Modern methods in molecular biology produce a tremendous amount of data. These biological data
have to be stored adequately for both data retrieval and data analysis. This is important for biology
which is a knowledge-based and data-intensive discipline.

In fact, the biology community is a distributed one. Most research teams generate their own data and
often build or maintain their own electronic resources. In the past few years the number of molecular
biology databases accessible via WWW grew steadily and the importance of these databases increases
constantly. Often newly produced data are no longer published in scientific journals but instead are
accessible only from these databases. The available flood of data can no longer be managed by the
brains of human domain experts.

For computer scientists, it is in general difficult to get an overview over these molecular biology
databases, their special needs, and their evolution. This situation is unfortunate because molecular
biology databases are very interesting not only for biologists but also for computer scientists. Indeed,
they pose challenging warehousing and knowledge representation problems. Computer scientists at-
tempting to understand this domain of modern molecular biology or trying to keep track of these
databases often give up confused and frustrated. The main reason for this is that there is no basic
introduction into molecular biology databases and their particularities providing an overview with
literature references and links to databases. This work tries to fill this lack.

The primary objective of this thesis is to give an up-to-date overview of the (probably) most important
molecular biology databases. Of course the extremely rapid evolution of the domain will make this
overview in some of its aspects outdated after a few years or even months. However a “snapshot” as
of Spring 2001 is likely to remain useful. Links to and bibliographic references with more detailed
information about each database considered in this overview are provided.

A second objective of this thesis is to introduce into knowledge representation for molecular biology.
This is an emerging area of research which already resulted in original approaches. In this work it
is distinguished between (primary) symbolic and (primary) numerical approaches (i.e. mathematical
approaches such as differential equations). The focus is on symbolic knowledge representation.

This work has been written for a readership of computer scientists. Therefore it also provides a
short and hopefully easy understandable introduction into the essentials of molecular biology. Fi-
nally the integration of heterogeneous molecular biology databases and the modelling of regulatory
and metabolic pathways are briefly reviewed. They are emerging issues of considerable practical
relevance.






Zusammenfassung

Moderne Methoden der Molekularbiologie produzieren eine unvorstellbar grof3e Menge an Daten.
Diese biologische Dateniimssen angemessen verwaltet und gespeichert werden, um das Wiederauf-
finden und die Analyse zu efiglichen. Dies ist besonders wichtigrfdie Biologie als wissensbasierte

und datenintensive Disziplin.

Die meisten Forschungsgruppen der Biologie erzeugen ihre eigenen Daten und entwickeln oder ver-
walten im Zuge dessen auch ihre eigenen elektronischen Hilfsmittel. Im Laufe der letzten Jahre nahm
die Zahl der Biologie-Datenbanken, diber das Internet erreichbar sind, konstant zu. Die Bedeutung
dieser Datenbankenaghst stetig: Neu erzeugte Daten werden oft nicht mehr in wissenschaftlichen
Veroffentlichungen und Zeitschriften publiziert, sondern sind stattdessen nuiiibectdiese Daten-
banken zugnglich. Dazu kommt, dass die végbare Datenflut nichtihger ohne computergéstte
Hilfsmittel zu bewaltigen ist.

Fur Informatiker ist es grundszlich schwierig, sich einedberblickiiber diese Biologie-Datenbanken,
ihre speziellen Badrfnisse und ihre Entwicklungen zu verschaffen. Dabei ist das Gebiet der Biologie-
Datenbanken nicht nukif den Biologen sehr interessant sondern aiictdén Informatiker. In der

Tat sind anspruchsvolle Probleme in den BereichBeta warehousing und Wissensrepresentation zu
ldsen. Doch Informatiker, die versuchen, sich eitirerblick tiber dieses moderne Feld der Mole-
kularbiologie zu verschaffen, geben oft schon bald frustriert und verwirrt auf. Dies liegt v. a. daran,
dass es keine grundlegende HEimfung in das Gebiet der Biologie-Datenbanken und deren Beson-
derheiten gibt, die eineblberblick mit Literaturverweisen und Links zu Datenbanken anbietet. Die
Diplomarbeit versucht, dieselicke zu schlie3en.

Das Hauptziel dieser Diplomarbeit ist es, einen aktuellerblick iiber die wichtigsten Biologie-
Datenbanken zu erstellen. Naich wird die extrem schnelle Entwicklung in diesem Bereich der
Wissenschaft eitubriges tun, so dass einige Aspekte der Arbeit ligddrholt sein werden. Dennoch
wird eine solche Momentaufnahme aus deriihjaihr 2001 bchst wahrscheinlich auch langfristig
von Nutzen sein. Es werden Links und Literaturangaben, die zu detaillierteren Informaiiloaen
jede Datenbank in diesetberblick fihren, angeboten.

Ein zweites Ziel dieser Diplomarbeit ist, in das Gebiet der biologischen Wissensrepresentation ein-
zufuhren. Dieses Forschungsgebiet ist ein aufstrebender Bereich, der bereits einige interessante
Ansatze produziert hat. In dieser Arbeit wurde zwischen (in erster Linie) symbolischen und num-
merischen (haup#shlich mathematischen Adizen wie z.B. Differentialgleichungen) Aditzen un-
terschieden. Der Schwerpunkt liegt dabei auf den symbolischeat2ers der Wissensregsentation.

Diese Diplomarbeit istiir Informatiker geschrieben worden. Daher bietet sie auch eine kurze und
hoffentlich leicht versindliche Einfihrung in die wesentlichen Begriffe der Molekularbiologie. Des
Weiteren werden die Gebiete Integration von heterogenen Biologie-Datenbanken und Modellierung
Regulatorischer und Metabolischer Pfade angesprochen. Beide Bereiche sind von beachtlicher prak-
tischer Bedeutung.
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Chapter 1

Introduction

Biology is a knowledge-based, data intensive discipline. Biologists interprete newly collected data
relying upon comparisons with formerly gathered data. Predictions are often based upon comparisons
of huge collections of data. Since the knowledge of past experience plays a key role, this knowledge
has to be kept in such a manner that it can be used in the most effectivelway [7].

Traditionally, up till the beginning or the mid of the eighties, biology data has resided mostly within
the brain of experts. This pattern worked well as long as the amount of data was not overwhelming
the single expert.

Now, the situation has dramatically changed. Not only is the rate of data acquisition growing expo-
nentially — especially because of the work in so-called “sequencing” (cf. Chapigr 2.6.2) — but also a
single experiment can now yield a tremendous amount of data that would require an army of domain
experts to interpret[7].

The amount of the already collected data worldwide is far too large for any human brain, even for
any team of researchers, to gather or to have an overview of. Thus, with traditional approaches,
predictions and interpretations are only possible against a very small subset of the available data.
Important knowledge would not be discovered if only traditional approaches were used.

Thus, there was a need to develop systems to help the experts to accumulate and interpret the data
collected. During the last ten to fifteen years, many databases have been developed for gathering
molecular biology data.

It is difficult to get an accurate, up-to-date overview of molecular biology databases. Molecular biol-
ogy databases are extremely numerous — one might estimate their number between 500 and 1,000. It
is worth mentioning that a sort of “meta-database”, called DBcat (cf. Appéndix A.19), has been devel-
oped for keeping track of molecular biology databases. The number of molecular biology databases
is rapidly growing and the amount of data collected in most database is exponentially growing (cf.
Figure 1.1). A reason for this growth is that most molecular biology databases are very heteroge-
neous in their aims, shapes, and in the usages they have been developed for. This derives from the
heterogeneity of biological data. There are data on hundreds of different organisms, as well as on
different biological concepts. While some molecular biology databases contain only the data gathered
on one specific organism (e.g. the Human Genome Database GDB (cf. Appendix A.35) on the Human
Genome Project or the MIPS/Saccharomyces (cf. AppendiX A.63) database on yeast), or are devel-
oped and maintained by only one research team, other molecular biology databases aim at collecting
all data available on biologically interesting concepts (such as SWISS-PROT (cf. Apjpendik A.103), a
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database containing information about proteins from all organisms or GenBank (cf. Appendix A.36),
a database of all publicly available nucleotide sequences) and are the result of long lasting interna-
tional cooperations between research laboratories. Another fact that makes it difficult to keep track
of molecular biology databases is that the most different approaches are used in molecular biology
databases for data modelling, for storing, and for data analysis and query purposes.

Although standard data modelling and storing tech-
niques, e.g. database systems, developed for other
application areas are in use with molecular biol-
ogy databases, specific approaches and tools are
obviously required. The border line between nec-
2800 essary particular approaches and tools and the use
of generic techniques seems to be rather unclear.

Growth of GenBank

11000

8000

Furthermore, the area of molecular biology data-
bases is a quite unstable, rapidly evolving field.

6500

Sequences {millions)

5000

In molecular biology databases, the problems re-
sulting from the constant, exponential growth of
2000 data are only partly overcome. On one hand, molec-
ular biology databases often do not represent the
state-of-art in database technology. Many molec-
ular biology databases with extremely valuable con-
tents are just collections of files — e.g. ASCII files
FIGURE 1.1: Example of the exponential in- and even GIF fil_es! The so-called “fIa_t files” are
crease of the amount of biological data: Growth- thede factodata interchange standard in the field.
statistics of GenBank, one of the major nu- ©On the other hand, existing, up-to-date concepts
cleotide sequence databases [Z27]. of database technology are not always well-suited

to biological data. Existing database techniques
have to be adapted and new techniques have to be developed so as to create fully adequate informa-
tion systems for molecular biology.

Base Pairs of DNA (millions)

3500
W Base Pairs
—s— Sequences

O o P o o B P P R ,LQQQ

500

An acute problem that biologists querying molecular biology databases have to cope with is the het-
erogeneity of the existing databases. The same denomination might denote in different molecular
biology databases rather different data. Possible inconsistencies are, up till now, rarely mentioned
and very difficult to detect. In molecular biology databases there is a considerable need for advanced,
knowledge-based data integration methods.

Furthermore, biologists often have to query several stand-alone data sources to get satisfying results.
The dedicated analysis tools in use require different input-formats and are often very complex but
only poorly documented. There are almost no transparent, standardized access tools to the major
data sources and analysis methods currently in use in molecular biology. Thus, there is a considerable
need for computational infrastructures that would help in integrating data from distinct, heterogeneous
sources, and provide with sophisticated analysis tools through a transparent, unifying interface.

The cooperation of general computer scientists, not only bioinformaticians, and biologists therefore
seem to be necessary for the development of such information systems. Unfortunately, not only molec-
ular biology concepts are rather unknown to most computer scientists but also the data, databases, and
data processing methods biologists and bioinformaticians are using. The techniques and tools used
in molecular biology databases are unknown to most database researchers or practitioners. A further



obstacle for computer scientists is that most of the literature about molecular biology databases is
written by biologists for biologists. There is no basic starting point for a computer science generalist
to get insights into the domain.

The progress of biological methods to generate data such as genome sequencing has been quite signif-
icant in the last two decades. But the gap between the complete genome sequence of an organism and
the complete understanding of the biological function of the organism is still huge [17]. Molecular
biology databases provide a huge amount of empirical facts about many different aspects of biolog-
ical entities. But these data are static in the sense that molecular biology databases cannot answer
guestions like “How, if all, do gene A and gene B interact?” or “What effect has protein A on gene
B?”". Those questions cannot be answered universally. To answer those questions requires an explicit
model of the organism of interest|33].

In fact, there is a tremendous amount of data available even on interactions between single instances
of biological entities. But computer-based simulation, computation and prediction is needed to under-
stand complex systems of many biological interactions and would greatly benefit the investigations of
relationships in molecular biology. This would be important since biology is a science of relationships,
meaning that biologists are interested in the interactions between biological entities.

Currently, emerging research issues are concerned with the modelling of biological interactions and
relationships. Well-known examples are modelling of protein docking, protein folding, regulation of
gene expression (also referred to as “regulatory pathways”), and metabolic pathways. The latter two
are new, rapidly evolving research areas of considerable practical relevance: they play a key role in
drug design and gene therapy. Current approaches in modelling regulatory and metabolic pathways
range from static representations of pathway maps (e.g. in the KEGG (cf. Apgendix A.52) database)
to dynamic simulations of entire cells (e.g. the E-CELL Project [68]). These rising areas of research
would also greatly profit by more computer science experts concentrating on it. But solid research and
development requires detailed knowledge about the biological basics. It is hard for computer science
generalists to get insight into modelling of regulatory and metabolic pathways because of the same
reasons that mentioned above in the context of molecular biology databases.

This thesis aims at providing with a starting point for computer science generalists to get insight
into molecular biology especially into molecular biology databases. In addition, this thesis briefly
introduces to and overviews current approaches in modelling regulatory and metabolic pathways.

Chapter g introduces to the essentials of molecular biology. This part is hopefully easy to under-
stand and describes only few but probably the most important concepts of general molecular biology.

Chapter@ introduces into the field of molecular biology databases focusing on the following issues:

1. molecular biology data modelling,
2. molecular biology data acquisition, and

3. specific data retrieval techniques

applied with molecular biology data. This thesis also proposes a systematic classification of a large
number (120) of molecular biology databases based upon computer science criteria such as:

1. data model and storage structures,
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2. data acquisition, and

3. query answering and data retrieval.

The classification criteria are described in Chapter 3. The database directory of 120 selected molecular
biology databases is provided in Appenfix A.

Chapter@ proposes requirements and investigates how a transparent, unifying interface to distinct,
heterogeneous data sources and advanced analysis tools could be conceived. In additionf]Chapter 4
introduces in this topic and gives an overview of some approaches in the field.

Chapter § introduces into biological aspects of gene expression and metabolic pathways and de-
scribe current approaches to model the regulation of gene expression and metabolic pathways.

It should be mentioned, that there is a book edited by Stanley Letovsky [46] which has similar scope as
this diploma thesis. It consists of articles by different authors describing fifteen of the most frequently
used data repositories in molecular biology and also covers the topic of molecular biology database
integration. The book is a collection of articles written by the developers of each system or approach,
thus providing with many technical details.

Our thesis differs to Letovsky’s book in several particularities:

First of all, we do not provide so much details on the single systems but cover a far broader spectrum
of databases to be described (15 data repositoriéslin [46] and 120 databases here). We try to provide
a “snapshot” of the field that is much more comprehensive than Letovsky’s book. The diploma thesis
also summerizes and classifies the current state of the art in molecular biology databases and molecular
biology database integration. We compare the databases and several current integration approaches
according to the classification criteria described in Chapter 3. No classification and no comparison
are given in [46].

A great handicap for computer scientists is that — similar to nearly all bioinformatics literature — the
articles in Letovsky'’s book use many technical terms of biology without introducing them. Most com-
puter scientists do not provide profound expertise in biology to understand these terms. In contrast,
we try to provide with an introduction to molecular biology in order to make the biological terms used
later beeing understandable.

Nevertheless,[[46] is an excellent source to get an accurate and more detailed overview of a few
important database systems in molecular biology. The authors of the articles are currently leading
bioinformatics practioners. In our opinion, this book covers nearly all the main technologies in today’s
research field of molecular biology databases.

Note that [46] does not cover the modelling of biochemical pathways.

To finish this introduction, | want to mention that several persons contributed to this work.

| want to express my warmest thanksRoof. Dr. Francois Bry for supervising my thesis and
giving me the opportunity to start research in bioinformatics. | am also very grateRid tor. Rolf
Backofenfor co-supervision.
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Chapter 2

A Gentle Introduction to Molecular
Biology

The domain of biochemistry in general and of molecular biology in particular is concerned with the
basic molecular principles of life. Biological objects interact with each others what makes possible all
the different forms of life. Molecular biology focuses on these interactions which can be compared to
relationships in an entity relationship model.

Modern methods in biology produce a tremendous amount of data. These biological data have to be
stored adequately for both analyzing and warehousing. Dedicated computer systems are developed
for these tasks.

Itis no secret that computer scientists usually do not have profound expertise in the domain of molecu-
lar biology. But computer scientists need some detailed knowledge in the domain of molecular biology
in order to accurately address the requirements of biologists. Unfortunately, there is no common level
of abstraction for the communication between computer scientists and biologists.

This chapter is intended to computer scientists who have no or only little knowledge of molecular
biology. We want to provide those persons with a minimum of information on molecular biology,
paying a special attention to issues relevant for molecular biology databases. Some fundamental
concepts of biochemistry are introduced. A section about biochemical and bioinformatic applications
rounds up this chapter. Some methods and programs — which are closely related to molecular biology
databases — are briefly addressed.

2.1 Getting Started

The domain of biochemistry in general and of molecular biology in particular are concerned with
the basic molecular principles of life. They are subareas of biology. Molecular biology investigates
these issues on a molecular level (a molecule is a set of atoms that are connected by chemical bonds).
Molecular biology thus studies the molecules that occur in a living organism — often also called bio-
molecules — and investigates their structures and functions. Note that the structure of a bio-molecule
determines its function. Molecular biology also focuses on the flow of the genetic information — from

7



8 CHAPTER 2. A GENTLE INTRODUCTION TO MOLECULAR BIOLOGY

genes to proteins — and how proteins affect the reactions within the organisms (details later).

Living organisms all rely on the same physical laws. These laws determine how cells — the functional
organization units of all organisms — create complex structures out of simple bricks, the molecules.

The molecules and complex structures can be seen as the objects in an Entity-Relationship-Model.
The relationships in this model could be the interactions between all the molecules. It should be
emphasized that molecular biology as well as biology in general is a science of these relationships.
Unfortunately it is not a trivial task to understand the concepts of the objects (entities) in biology. But
this is necessary because the main goal of biological research is to investigate the interactions of the
bio-molecules.

The computer scientist may now ask a question: "Why are all these things of concern for computer
science?”

In order to answer this question the problem mentioned above can be simplified and expressed in
terms of an entity-relationship model (ER model). The complete model of life on a molecular level

is not yet known. There is a tremendous amount of information on single instances, on relationships
between instances and often on whole entities and their relationships. But the final model is far out of
reach. Of course it is even not sure if this final model would ever be determined but parts of it would
help researchers to fill the gaps because — as it has often been observed — the interactions between the
"entities” follow common laws.

In fact the amount of (biological) data which is produced to date and could be of relevance for the ER
model is far too large to enable researchers to deal efficiently with it. This is the point where computer
science comes into play. An enormous flood of data has to be stored in a well structured manner so
that analyzing and updating of the data is conveniently supported. This requirement seems to be very
familiar to computer scientists dealing with software and database development.

But to address this demand is not as easy as it may seem. In fact, computer scientists need to have
detailed knowledge of the domain of biochemistry to create models and to develop analysis tools for
biological data. One reason for this, is a specificity of biology: Exceptions of common (biological)
laws and (biological) models may appear at any place. In fact, for most biological “theorems” there
are exceptions. These exceptions cause big difficulties in building models for molecular biology.

As many computer scientists do not have profound expertise in this domain the research field in
between molecular biology and computer science — called bioinformatics or computational biology —
is reservated for few researchers who have detailed skills in both domains.

In the past few years the bioinformatics domain has much gained in importance. It has several sub-

areas of research. The most important tasks may be the modeling of biological data and the develop-
ment of specialized analysis tools. As many tools and resources have been developed for special and
non-related formats, there are currently great efforts to integrate these resources and develop simple
interfaces for them.

To enable computer scientists to get some insight into the domain of bioinformatics we first want to
provide them with some basic knowledge on molecular biology. Our introduction is dedicated for
computer scientists who do not have detailed knowledge in the domain of molecular biology. First,
the flow of genetic information is overviewed. This describes the overall context of the following
sections. We will then describe some properties of the objects — the bio-molecules. Some important
bio-molecules will be mentioned. A more detailed discussion of the genetic information flow which is

a set of procedures that enables organisms to live, grow and reproduce themselves will follow. These
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procedures are the basis of all known ways of life. To conclude this part and to prepare the innocent
reader for the rest of the work we will have a short look at some methods, applications and tools
currently used in molecular biology and bioinformatics. At the beginning of each section a list of
terms of the most important biological concepts will be given.

This introduction is structured as follows:

2.1 Getting Started
2.2 The Genetic Information Flow (Overview)

2.3 Some Important Macro Molecules

2.3.1 Nucleic Acids (DNA/RNA)
2.3.2 Proteins

2.3.3 Polysaccharides

2.3.4 Lipids

2.3.5 Summary

2.4 Supra-Molecular Complexes, Cells, and Cell Parasits

2.4.1 Supra-Molecular Complexes
2.4.2 Cells

2.4.3 Cell Parasits

2.4.4 Summary

2.5 The Genetic Information Flow (More Detailed)

2.5.1 Replication
2.5.2 Transcription
2.5.3 Translation
2.5.4 Summary

2.6 A Selection of Biology and Bioinformatics Applications

2.6.1 Model Organisms
2.6.2 Essential Methods for Generating Biological Data

DNA-Cloning
DNA-Sequencing

2.6.3 Typical Bioinformatics Applications

Sequence Analysis
Protein Folding and 3D Structure Analysis
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2.2 The Genetic Information Flow (Overview)

A central interest of molecular biology is the flow of information within the organisms. We will give

a short overview of this information flow in this section. Sectian$ 2.3@Ad 2.4 will introduce basic
biochemistry concepts based on which a more detailed description of the procedures that carry out
this information flow is presented in Sectipn]2.5.

Living organisms store all information that is necessary for growth, reproduction, and evolution in
so-called genes on the DNA. The genes consist of a linear sequence of so-called nucleotides. For
there are only four different nucleotides appearing in DNA, a gene can be seen as a linear sequence
over a four-letter alphabet.

Dedicated procedures translate the genes into so-called proteins. Proteins are linear sequences of so-
called amino acids. There are 20 different amino acids that appear in proteins of living organisms,
thus a protein can be modeled as a linear sequence over a 20-letter alphabet. In fact, a triplet of three
nucleotides encode one amino acid. Proteins supervise all chemical reactions within the organisms.
Usually, no reaction can be performed in the absence of a protein which mediates the reaction. Proteins
thus determine which substances can be built out of small substances.

Figure[Z1L presents a graphical overview of the genetic information flow in living organisms. Sum-
marizing, the genes of an organism determine which proteins can be produced by the organism and
thus determine which chemical reactions can be performed in the organism. The chemical reactions
enabled by the proteins encoded by the genome (complete amount of all genes) of the organism are
essential for the organism'’s growth, evolution, and reproduction.

I I Y Y I I I I I O O O ! DNA = Sequence over 4 letter alphabet

Gene Expression
3lettersin DNA codefor oneletter in Protein

[ [ [ [ [ | Protein = Sequence over 20 letter alphabet

Chemical
Reaction

|
|
|
} Metabolism
| = Set of all chemical reactions
|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

FIGURE 2.1: Overview of the genetic information flow.
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2.3 Some Important Macro Molecules

As mentioned above moleculeis a set of atoms that are connected by chemical bonds. The term
bio-moleculeusually stands for molecules which occur in living organisms. Primarily, bio-molecules
consist of carbon (abbreviated as C) and hydrogen (H). Other atoms such as oxygen (O), nitrogen (N),
phosphor (P), or sulfur (S) can also appear.

One way to model molecules is to use (mathemat-
ical) graphs. In such graphs, a node represents|an
. ® O
atom and an (undirected) edge represents the chem- /\. /\
ical bond between two atoms. A graphical represen-  J
tation of a water molecule is shown in Figyre]2.2 H
(a). If the nodes are marked with the names of the o o
atoms, the representation is callgemical formula (©
(Figure[Z:P (b)). SN—
A chemical bonds based upon the fact that each H—C
of the two atoms gives an electron to share it wiih
the other atom. Thus, in a chemical formula each
edge represents two electrons which are shared IJ—%URE 2 9

Schematic representation of
the connected atoms. molecules: (a) graphical representation of a
Additionally, connections between two different atoffgéer molecule; (b) chemical formula of wa-
can also be based on four or even six shared eldg. nodes are marked with the names of the
trons. Thisisindicated with two (three, respectivel)ztlgmié(c) chemical formula of the amino acid
edges between two atoms (see Figure 2.2 (c): the

bond between a carbon and an oxygen atom is based on four electrons; it is labelled with two edges).

Finally it can be summerised that a chemical formula is a schematic, graph-theoretic representation
of a molecule. Each edge represents two electrons that are shared by the connected atoms. But one
should be aware of the fact that this representation is no representation of the 3 dimensional structure
of a molecule. This 3 dimensional structure is important because it determines the properties of the
molecule.

The atoms can interact with the surrounding molecules as well as with other atoms within the molecule.
A conseguence of these interactions is that molecules can form bigger complexes by joining each other
into a so-callednacro molecule

These interactions rely on the 3 dimensional structure of the molecules. It should be pointed out, that
the 3 dimensional structure of a molecule is not fully fixed but quite flexible. The flexibility of the 3
dimensional structure of a molecule enables interactions.

TABLE 2.1: Molecular components of a E. coli cell (according to [45])

Component Water | Proteins| Nucleic Acids| Polysaccharides Lipids | Others

% of Cell Weight || 70% | 15% 7% 3% 2% 3%
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Molecules can be classified by their atoms and by the way these atoms are arranged (due to the
chemical formular). Members of one class usually have similar 3 dimensional structures and therefore
form the same macro molecules.

Of course, also the bio-molecules form complex macro molecules as mentioned above. Nearly the
whole solid substance of organisms is based upon four different macro moleculesoalked acids
proteins polysaccharidesandlipids. These macro molecules are (apart water) the most frequent
components of cells. See Taljie]2.1 for a list of all cell components and their proportion of the cell’s
entire weight.

The rest of section describes briefly the structure and function of these macro molecules.

2.3.1 Nucleic Acids (DNA/RNA)

DNA (= Deoxyribose Nucleic Acid) and RNA ( = Ribose Nucleic Acid) are two molecules which are
built in a very similar way. Their main function is to store tgenetic information— the so called
genes— in cells (cf. Section Z.4.1). Several small viruses (cf. Sedfion]2.4.2) use only RNA for their
genes. All other organisms and viruses use DNA.

Both molecules, DNA and RNA, are built out of small molecules cafladleotides There are only

five different nucleotides which occur in DNA and RNA. Nucleotides are molecules based on three
components: a sugar (ribose or deoxyribose), phosphatic residue, and a base. The base is the variable,
characteristic component. Nucleotides are referred tademine thymine cytosine guanine and

uracil, and abbreviated as A, T, C, G, and U — according to their bases. A, C, and G appear in both
DNA and RNA. T appears only in DNA and U appears only in RNA. U is the pendant of T in RNA

and T the pendant of U in DNA.

DNA and RNA are linear polymers of the five building blocks (A, C, G, T, and U). That means, the
sugar and phosphate components of the different nucleotides are linked to a long chain with a regular
backbone to form a macro molecule.

The bases are on the sides of this backbone. Although the architectures of DNA and RNA are very
closely related to each other, they have small but important differences in both structure and func-
tion. One of the building blocks of the backbone are sugar molecules. DNA is based on other sugar
molecules than RNA. We will first give more details on the structure of DNA. After that we will turn

to the structure of RNA. The question, how these molecules serve as the storage medium for the genes,
is discussed in Sectidn?.5.

DNA The nucleotides that appear in DNA are usually A, C, T, and G. A DNA molecule can thus be
seen as a sequence over a four-letter alphabet. This is a common abstraction in bioinformatics.

DNA usually consists of two corresponding chains which are both winded around a common axis to
form adouble-helicalstructure. The chains aentiparallel, i.e. the sequence of the nucleotides of

one chain is in reverse order of the other chain. The direction of the sequence is named as follows.
One end is calle@' end(spoken “three prime end”), and the other is cabednd (spoken “five prime

end”). These names are derived from chemical properties of the sugar component. If a direction is
determinated as “in 3’ direction”, i.e. the end of the chain in this direction is the 3’ end. Thus, at each
end of the DNA double-helix, one chain provides its 3’ end and the other chain its 5’ end (see Figure

23).
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FIGURE 2.3: DNA double helix: the base pairing of the two anti-parallel DNA chains (one chain is
in 3’ direction, the other in 5’ direction) stabilise the double-helical structure of the DNA molecule, as
determined by Watson and Crick. (taken from [I])

At each position (position of the bases, that are located on the sides of the backbone) the base of one
chain builds a pair with the base of the other chairbase-pairis simply an interaction between the
bases standing opposite of each other. These interactions are based on doydadigein bondsNote

that hydrogen bonds are no chemical bonds but only tight interactions between two atoms (usually
between H and O or between H and N).

The base-pairs between two nucleotide chains stabilise the 3-dimensional structure of the DNA molecule.
Base-pairs (bp) are a common unit of measure to determine the length of a complete or only parts of

a DNA molecule. A DNA molecule of 100 bp thus consists of two antiparallel sequences, each 100
nucleotides (bases) long. The unit of measure to determine the length of a single nucleotide sequence
is called “bases” (abbreviated as “b”), respectively kilo- and megabases (1000b = 1kb, 1000 kb =
1mb).

A very important aspect is that not all base-pairs are possible (allowed). Allowed base-pairs in DNA
are the following (replace U for T in case of RNA):

(with ~ we denote interaction)
These base-pairing rules, established by Erwin Chargaff, are based on the fact that the paiam

build two hydrogen bonds. The pair € G on the other hand can build three hydrogen bonds. In
living organisms, there are usually no base-pairs beyond the base-pairing rules.

The concept of base-pairing is the most important property of the nucleic acids and plays a fundamen-
tal role in the genetic information flow procedures (described in Setipn 2.5).

RNA In contrast to DNA, the nucleotides that appear usually in RNA are A, C, T, and U. RNA can
also be modelled as a string over a four-letter alphabet. Usually, RNA consists of only one chain.

There are different kinds of RNA in living organisms, each with its own structure and fundgien.
bosomalRNAs (rRNA) are structural components of multi-protein complexes called ribosomes (pro-
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teins are synthesized at the ribosomd#essengeRNAs (mMRNA) are nucleic acids that transport
the genetic information from the genes to the ribosorieansferRNAs (tRNA) translate the genetic
information of the mRNA into the according amino acid sequence. We will investigate the functions
of different types of RNA in Sectiop 2.5.

In addition, there are a lot of RNAs with special functions. To list them here would go beyond the
scope of this brief introduction. Further information about RNA can be found e.g-in [45].

2.3.2 Proteins

Proteins have many different functions. As so-called enzymes they supervise nearly all cellular re-
actions. Proteins can also act as anti-bodies, regulatory substances, stabilisers, or carriers of other
substances.

Protein molecules are polymers, i.e. consist of thousands or millions of atoms. Special bio-molecules
calledamino acidsserve as building blocks of proteins. Amino acids form a long chain with a regular
backbone (the so callggblypeptide chaipand (short) side chains, that are appended to the backbone
in regular intervals. A long chain of amino acids is also capletypeptide

It should be mentioned that the backbone as well as the side chains of proteins differ remarkably
from those of nucleic acids from the chemical point of view. But the basic architecture principles are
similar.

Amino acids consist of a central C-atom (the so calléjl Grouped around the“Cthere is acarboxy

group (COOH), anamino group(NHH), a H-atom, and aariable residue The universal chemical
formula of an amino acid is shown in Figure 2.5 . The polypeptide chain is tied by the N and the
carboxy atoms upon loss of one water molecule. The residues differ in length and function. There are
only 20 different amino acids that occur in proteins. The amino acids are often classified by the chem-
ical properties of their residues. This is important since the chemical properties of the residue affect
the three-dimensional structur®lding) and thus the function of the whole molecule. A comprehen-
sive list, including a classification according to the properties of the side chains of the 20 proteins that
occur in proteins is provided in Appendix B.2. Thee-andthree-letter codesised as abbreviations

for the amino acids are also provided.

The three-dimensional structure of a protein is essential for its function. Indeed, the function of a
protein depends on how it is folded.

There are four abstraction levels of the three-dimensional structure of a protein (cf. [Figure 2.5):

e Theprimary structure the primary structure of a protein is simply its amino acid sequence. Itis
often given as a linear string over a 20 letter alphabet representing the 20 amino acids. Usually
the sequence is written down from the N- to the C-terminus.

e Thesecondary structurtethe secondary structure describes the 3 dimensional conformation of
the polypeptide backbone. Probably the best known secondary structures@itedineand the
[-strand Simple combinations of a few secondary structure elements with specific geometric
arrangements have been found to occur frequently in protein structures. These units are called
eithersuper-secondargtructures omotifs

e The tertiary structure the tertiary structure describes the three-dimensional structure of a
polypeptide chain and its residues, i.e. their relative positions in a 3 dimensional space. Folding
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FIGURE 2.4: Left: chemical formula of an amino acid prototype. The 20 different amino acids,
that appear in living organisms, differ only in their residue (R). The participating atoms tying the
polypeptide chain are the N and the C! (C®) atoms. Right: a polypeptide chain of three amino acids
with variable residues R1, R2, and R3. The residues appear on the sides of the polypeptide chain.
One end is called the N-terminus, the other end is called the C-terminus.

units within one polypeptide are calleidmains

e Thequarternary structureseveral proteins are built upon more than one independent polypep-
tide chain that interact with each other to form a bigger protein complex. The single polypeptide
chains are calledubunitsin that context. The quarternary structure describes the arrangement
of these subunits (E.g. hemoglobin, the oxygen carrier in the human blood, is based on four
subunits that interact with each other to form the entire protein complex).

The primary, secondary, tertiary, and quarternary structures form a hierarchy of abstractions describing
the structure of proteins from the simpler to the more precise (complex).

Sometimes these terms are also used in the context of other macro molecules, especially nucleic
acids. The primary structure of a nucleic acids molecule determines the sequence of its nucleotides.
The secondary structure of DNA is a double helix (cf. above). RNA can form different secondary and
tertiary structures.

Several forces, that act inter-molecular (between two distinct molecules) and intra-molecular (within

a same molecule), stabilise the three-dimensional folding of proteins. The most important forces are
called hydrogen-bonds (these forces stabilise also the double-helical structure of DNA), di-sulfide

bridges, polar interactions, and hydrophobic forces.

In general, a protein folds into the correct conformation spontaneously after it's aggregation. The
folding pathway (i.e. the blueprint of the reactions and procedures of protein folding) has been solved
for several simple polypeptides. However, for lager proteins and especially for those with several fold-
ing domains, the folding gets very complex and several pathways lead to the identical final structure.
Specialised proteins calladhaperonesisually assist the folding of proteins. This makes the folding
procedure even more complex.

To predict the three-dimensional structure of a protein from its amino acid sequence (i.e. from its
primary structure) is thus an unsolved problem. This problem is known gsdtesn folding problem

and is one of the major problems in structural molecular biology. Several computer-based approaches
have been proposed to help solving this problem, but a universal computer program to predict the
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FIGURE 2.5: The four abstraction levels of protein structure: The primary structure determines the
amino acid sequence; the secondary structure determines the folding of the backbone (polypeptide
chain); the tertiary structure determines the folding of the polypeptide chain and of the residues; the
quarternary structure describes the arrangement of several subunits (taken from [9])

protein structure from its amino acid sequence does not seem to be in sight so far.

2.3.3 Polysaccharides

Polysaccharides have several functions. The primary function of polysaccharides is the storage of
energy. They can easily and quickly be processed to their building blocks. A result of this procedure,

that transforms e.g. glycogen into glucose and further the glucose into small molecules, is biological

energy.

Another important aspect of these macro molecules is, that they are used as structuring elements in
cell walls (e.g. cellulose).

The building blocks of polysaccharides are the so caiemhosaccharidefr sugarg. Probably the

best known of these bio-molecules are glucose and fructose. Monosaccharides, that occur in macro
molecular complexes, are usually chains of four to six carbon atoms. Usually each C atom has a bound
oxygen atom. Monosaccharides with fiygetosesand six fiexosesC atoms form rings. E.g. the

sugar part of nucleotides is the so called ribose (in RNA), or deoxyribose (in DNA). Both molecules
are pentoses.

Monosaccharides can be connected to long chains, the polysaccharides. An example is cellulose
which is built up by many glucose units bound to each other.

Saccharides can also interact with other macro molecules. For example, they can form complexes
with proteins, the so called glyco-proteins.

2.3.4 Lipids

The most important property of (and criterium for being classified as) a lipid is that it is not soluble
in water. The main functions of lipids are the storage of energy and the construction of isolating com-
ponents like membranes. Membranes usually consist mainly of lipids (and other macro molecules)
forming chemical and electric seperated areas — organelles and cells.
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2.3.5 Summary

The architecture of all macro molecules is related: Macro molecules are built upon small molecules,
the bio-molecules. We have briefly summerised the structure of the four most important macro-
molecules and their building blocks.

Nucleic acids (DNA/RNA) are made of (usually) four different nucleotides. An abstract model of a
DNA or RNA molecule is a string over a four letter alphabet. The concept of base-pairing is the most
fundamental property of nucleotides.

Proteins usually are made of twenty different amino acids. The amino acid chain (polypeptide back-
bone) folds into a complex three-dimensional structure. There are four different abstraction levels
describing the three-dimensional conformation of a protein in more or less detail. It is the three-
dimensional structure that determines the function of a protein.

Intra- and intermolecular forces stabilise the conformation of proteins and nucleic acids. The most
important force is called hydrogen bond.

Polysaccharides are primarily used by all organisms to store energy. In several successive reactions
these macro molecules are processed and fractionalised. These reactions are supervised by enzymes
(proteins) and form the so-called metabolic pathways (cf. Ch@pter 5).

Lipids are molecules with different structures that have one basic property in common: They are all
not soluble in water. Lipids usually have a polar end (which can interact with water molecules and
would be soluble) and a long hydrophobic end (which is responsible for the non soluble character of
the macro molecule).

2.4 Supra-Molecular Complexes, Cells, and Cell Parasits

The macro molecules mentioned in Secfion 2.3 interact with each other to formsuaraymolecular
complexes

Supra-molecular complexes are essential components of all cells.

2.4.1 Cells

Cells are the central organisation units of all living organisms. They share several properties but cells
of different species or different cells of the same organism can differ remarkably in structure and
function.

Cells are complex systems. They separate themselves from their surrounding by a membrane (called
plasma-membranewithdraw their surrounding environment raw materials, are built up from this raw
materials and regulate their own growth and reproduction.

Some organisms consist of only one cell, e.g. bacteria or the bakersSiaasevisiae Others are
formed by many cells that often fulfill different functions and specialised structures, which interact in
a complex way. The human organism for example consists of morel tHamells.

The lumen of the cell is a kind of wet gel callegtoplasm Several cells have different substruc-
tures, which are separated from the cytoplasm by membranes. These compartiments are called
(cell)organelles
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Living organisms are divided into two classes according to the properties of theirpreksyryotes
(bacteria) anctukaryotegall others). Whereas bacteria (prokaryotes) normally do not have any or-
ganelles, all other organisms (eukaryotes) contain a specialised organelle containing the DNA, called
the nucleus. Besides the nucleus, eukaryotes have other organelles, e.g. the mitochondrion which
produces energy for the cell out of chemical substances.

The complete amount of genetic information in a cell is called the genome. It consists of genes which
are linear sequences of nucleotides in the DNA.

The genome determines what proteins can be produced by the cell, which chemical reactions the cell
can provide, what macro-molecules the cell can produce. Summarising we can say that the genome is
the storing-medium that determines the functional abilities of the cell.

Procedures called transcription and translation are involved in the production of a protein out of a
gene. The sequence of nucleotides determines the sequence of the amino acids of the corresponding
protein.

For reproduction the cell divides itself into two similar successor-cells. Every successor-cell gets its
own copy of the genome of the original cell. This procedure is called replication.

These procedures are described (in more detail) in Sectipn 2.5.

2.4.2 Cell Parasites: Viruses

There is another organisation unit with functions and structure different to cells. Particles called
viruses have also their own genome. But in contrast to cells they have not the ability to reproduce
their genetical information on their own. They need suitdibst cellsfor reproduction. Hence,
viruses are normally not counted as living organisms.

Viruses are packages of nucleic acids which are covered by a protein envelope. The size of viruses is
much smaller than that of cells (mostly about 100 times smaller). The complexity of these particles
ranges from viruses with only four genes up to viruses with about 250 genes. The viral genome can
be stored in DNA or RNA. Viruses do not have the ability to replicate or translate genes on their own.
They use the equipments of cells to reproduce its genome or produce proteins. This is often done by
inserting the viral genes into the genome of the host cell. As a consequence, viruses are also called
cell parasites.

To reproduce themselves, viruses have to get into a host cell. This procedure is callednfectioh
Viruses are more or less specific for a special host cell. Bacteriophages e.g. are viruses that infect
bacteria.

A viral infection of a cell consists several steps:

1. The virus has to insert its own genome (mostly DNA) into the cytoplasm of the cell.

2. The viral genome is replicated, transcripted, and translated (cf. S€cfion 2.5 for details) by the
cell. This means, that the components to build new virus particles are produced. Several new
virus particles are created.

3. Finally these newly produced viruses leave the cell. The host cell is often killed during this
step. The new viruses are ready to infect other cells.
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FIGURE 2.6: Hierarchies of organisation in living organisms

Some viruses are dangerous for humans. E.g. influenza or AIDS are caused by a viral infection.
Nevertheless, not all viruses cause diseases. Viruses can be used as DNA carrier particles in genetic
engineering (cf. Section 2.6).

2.4.3 Summary

Different levels of the organisation hierarchy of living organisms were described (see Figure 2.6).

Cells are the central organisation units of living organisms. They perform many chemical reactions
each supervised by enzymes. The enzymes are determined in the genes and are produced by the cell
itself. We will investigate this production in the following section.

Viruses use the equipment of the cells to reproduce their genes. This is called infection. Viruses
can cause special diseases. They are sometimes used as carriers for genes in the field of genetic
engineering (cf[2]6).

2.5 The Genetic Information Flow (More Detailed)

In this section the following topics will be discussed: How can organisms produce nearly identical
copies of themselves and many identical copies of big and complex macro molecules?

At the beginning of the 19th century, researchers guessed that there must be a matrix or a template,
and they were right. DNA usually serves as this template. Itis the matrix for the identical reproduction
of itself (replication). And it is usually the matrix for producing many identical copies of complex
proteins. The procedures to synthesise a protein out of a gene aretalisctiptionandtranslation

and are based on the principles of the base-pairing rules.

2.5.1 Replication

With the determination of the DNA structure by James Watson and Francis Crick in 1953, it became
clear how DNA is used as a template to reproduce the genetic information.
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FIGURE 2.7: Semiconservative DNA-replication: each original chain is a template for a new chain.
The base-pairing rules ensure, that the new chains are identical copies of the original one.

The fundamental assumption is, that each DNA chain is an identical copy of the other one.

Based on the strict rules of base-pairing one chain can be the template for a new chain. This new chain
will be anti-parallel to the original chain.

The original chain is read. At each position of the new chain, the base corresponding (according to
the base-pairing rules) to that of the template is appended. See Fidgure 2.7 .

The replication of DNA follows some rules: First, the replicatiorséni-conservativeThat means,

that two new DNA strands are produced from one double strand. Each new chain consists of one orig-
inal and one new chain. Second, the replication starts at a specific starting point in a DNA molecule
(the so calledbrigin). Usually it moves on in both directions then. Third the replication usually goes
through several phases, such as initiation at the origin, elongation of new chains, and termination.
Many different proteins take part on the replication procedure. Nevertheless, the replication has to be
—and indeeds — very exact.

In fact, eukaryotic replication is much more complex than the prokaryotic replication, but follows the
same rules.

Cell reproduction is a complex procedure. One step is the replication of the genetic information.
Usually a cell divides itself into two succeeding cells. Each successor-cell gets its own (identical)
copy of the original DNA molecule.

In the context of DNA replication, the DNA repair mechanisms should be mentioned. In fact, there
are many different impacts that can cause DNA damages. Therefore, a cell has several sophisticated
tools and mechanisms to repair damaged DNA.

A probably well-known damage isutation Nucleotides within the base-sequence can be deleted,
substituted, and/or inserted. If any of these changes in the sequence is inherited to the successor cells,
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this is called mutation.

2.5.2 Transcription

Transcription is the first step of the information flow from gene to protein.

The information stored in DNA is transformed into a RNA sequence. Transcription occurs in the 5’
to 3’ direction, where the DNA nucleotides A, C, G, T are transcribed into the corresponding RNA
nucleotides U, G, C, A. Many different enzymes are participated in this procedure. The RNA produced
by transcription is called messenger RNA (mMRNA).

Generally, there are three phases. First, the initiation: the transcription starts at a special DNA segment
called promotor. This promotor usually has several AT subsegments (e.g. TATAA...), and is thus
often calledTATA-box Second, the elongation of the new chain: only one DNA strand is read (is used
as a matrix). This chain is called the coding strand. The newly produced RNA chain is thus identical
with the second (non-coding) DNA strand. Last, the termination of replication procedure is initiated
by an other signal sequence (tieeminato).

In prokaryotes, the reading frame of the transcription of a gene is continuous, i.e. not interrupted.
Eukaryotes on the other hand, are different. The reading frame of the transcription is frequently
disrupted by so calleititrons(or intervening sequences). The remaining segments between the introns
are calledexons The introns in the RNA transcript are excised and removed after transcription. This
procedure is calledplicing (see Figurd 2]8). Note that it is an important algorithmic problem in
bioinformatics to determine intron/exon splice sites.

After removal of introns, it may occur that nucleotides are inserted or deleted (each pointwise). This
is calledRNA editing and probably directed byuideRNA (gRNA). This editing, occurring in most
living organisms, can be very intensive.

The protein encoded by the mRNA may be completely unrelated to the protein that would have been
encoded by the RNA before editing. The reason for this is, thagéinetic coddcf. Appendix[B) is

a triplet, non-overlapping code. An insertion or deletion of one nucleotide shifts the original reading
frame. After splicing and editing the mRNA is often called mature.

2.5.3 Translation

After the description of the transcription process, the following question will be addressed: How is the
transition of information from the language of nucleotides to the language of amino acids mediated?

Organisms use a helper molecule called transfer RNA (tRNA). This tRNA is a small (appr. 70 bp)
macro molecule. It has a cloverleaf secondary structure (backbone of the chain) and an L-shaped
tertiary structure (overall three-dimensional structure). At the extremity of the middle lobe of the
cloverleaf lies aranticodon An anticodon consists of three nucleotides, whose reverse complement
(according to the base-pairing rules) is a triplet codon for an amino acid (as given in Appéndix B).
On the opposite lobe of the cloverleaf, there is the corresponding amino acid attached to the tRNA
molecule, i.e. the amino acid, whose codon is the reverse complement of the anticodon of the tRNA.

The translation is performed by the ribosomes. Ribosomes are supramolecular complexes based on
ribosomal RNA (rRNA) and proteins. The ribosomes provide a surface for mature mRNAs and tRNAs
to assemble amino acids together to linear chains.
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The chains are extended as described in the following. The mRNA walks along the ribosomes with
a three-nucleotide step size. tRNA providing a fitting anticodon,is hybridised onto the mRNA. The
amino acids bound to the RNA are then transfered onto the growing (C-)terminus of the nascent
polypeptide chain.

This process is sequentially repeated until the translation process reaches a stop codon, which termi-
nates the polypeptide synthesis. Apperidix B provides a table summarising the genetic code (Appendix
B depicts which codons of mRNA determine which amino acids).

2.5.4 Summary
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FIGURE 2.8: The different models of transcription and translation in prokaryotes and eukaryotes
(taken from [18])

The genetic information of cells is stored in genes as a linear sequence of nucleotides. A procedure
called replication enables cells to produce an identical copy of its own genome.

The genetic information is expressed through procedures called transcription and translation. The
linear sequence of nucleotides is translated into a linear sequence of amino acids. Three nucleotides
in DNA code for one amino acid. The amino acid chain determines a protein.

Many proteins supervise specific metabolic reactions. These proteins arestaigdesAn enzyme
usually transforms a substance (substrate) into another substance (product).

It should be mentioned, that some viruses can perform a procedure called reverse transcription. This
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procedure transforms RNA into DNA. Some viruses use RNA to store their genome (and not DNA).
But the cellular mechanisms of translation and transcription are specific to DNA, i.e. that they can
only express genes stored as DNA-sequence. As viruses have to use the mechanisms of their host
cells, they have to transform their RNA-genes into DNA-genes to express their own genome.

2.6 A Selection of Biology and Bioinformatics Applications Related to
Molecular Biology Databases

2.6.1 Model Organisms

As mentioned above, the complete "Entity-Relationship-Model of life” is far out of reach. But the
molecular interactions follow common laws, although each organism has its own variants.

As a consequence researchers can make conclusions from information about one special organism
regarding other related organisms. There are several well-investigated organisms. These are called
model organisms. Data and information of another organism related to a model organism is compared
and may be derived from knowledge about the model organism.

An interesting and important example for this is the following situation: A researcher may have
detected a gene in the human genome. The gene will be translated into a protein, but nobody knows
its conformation and function. The researcher will visit some molecular biology databases and search
for the gene and the protein in other model organisms. A gene with a high value of similarity may
be found in theS. cerevisiagenome, which is completely sequenced, from which the function of the
encoded protein is known. The researcher will conclude with a rather high probability that the human
protein, which was detected, has the same function. In addition, it can easily be tested whether the
human protein can functionally replace its fungal homolog as the protein from the other organism
that has similar properties is called (one speakeg@ferse geneti€s Computer scientists might
compare this kind of information transfer with a knowledge-based approach to a specific problem.

Two of the probably most important model organisms are the bactdesrheria coli(procaryotic

model organism) and the baker’s ye8stccharomyces cerevisiéeucaryotic model organism). The
Escheria coliorganism is one of the best discovered procaryotic organism. Yeast is one of few eu-
caryotic organisms that consists of only one cell and is thus less complex as multi-cellular organisms.
The genome of both organisms is fully sequenced (i.e. determined).

2.6.2 Essential Methods for Generating Biological Data
DNA-Cloning

DNA-cloning was introduced in the early seventies. It revolutioned molecular biology and estab-
lished genetic engineering as a central method in molecular biology. It allows to generate any desired
alteration of the genetic information of an organism and to selectively grow this alteration in pure
(homogeneous) cultureslénes.

DNA-cloning usually consists of five stegs[11]. In the following we assume that the DNA segment
which should be cloned is a gene calbéd

1. A DNA-fragment (containing the gen€§ has to be inserted into a ring-shaped DNA-molecule
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(the so callegplasmid.
2. The plasmid serves as a gene-carrier. It transports theXgire a host cell.

3. The plasmid is reproduced in the host cell or can be integrated into the host cell’'s genome. Thus
many identical copies of the geXeare produced.

4. If the host cell reproduces itself, copies of the géhare inherited to the successor cells. In
these successor cells the gene is reproduced again.

5. Many cell reproductions produce a clone. Each cell of the clone contains at least one copy of
the geneX.

DNA-cloning requires several tools and methods. One should be mentioned here: Step one of the
cloning procedure requires methods to cut and tie DNA segments. That can be done by special en-
zymes, calledestriction-endonucleasgeshat cut DNA at specific positions. To ligate two DNA-
fragments a enzyme called DNA-ligase is used.

Genetic databases focussing on information on a specific organism often provide important informa-
tion about these tools and methods for DNA-cloning. Sometimes, genetic maps are offered. These
maps are graphical representations of the genome providing the locations of each gene and the posi-
tions where endonucleases can cut the DNA.

DNA-Sequencing

One of the most important and productive applications in the field of molecular biology are sequencing
methods. These methods aim to explore the primary structure of a DNA-molecule by determination
of nucleotide sequence. Currently there are many efforts to determine the whole genome of many
different organisms. The most important and well-known may beHimman Genome Projechat

aims to explore the sequence of the human genome. There are two different methods to determine
a DNA sequence — the Sanger-Coulson-Method and the Maxam-Gilbert-Method. Both methods can
determine the sequence of about 400 nucleotides per reaction. Most of the genes and especially
complete genomes of even simple organisms are much longer, e.g. humagsha¥&bp/genome.

For sequencing a gene or genome researchers have to perform one of the sequencing methods several
times. The sequence of small segments with overlapping ends have to be determined. The whole
sequence has to be recombined from these segments manually or by using computational tools. The
determination of a complete genome of an organism is called “sequencing”. The complete genome is
“sequenced”.

Sequencing can be performed rather easily. As a consequence research groups all over the world
produce large amounts of sequence data. The sequence data are stored in sequence databases (see
ChapteflB). An entry of these databases often consists only of the sequence of a special gene or of a
sequence whose biological functions are not yet known. These entries include:

e Expressed Sequence T4d§STs): ESTs are short (200-500bp) DNA sequences generated from
randomly selected cDNA clones. The purpose of EST-sequencing is to scan rapidly for all the
protein coding genes and to provide a tag for each gene on the genome.

e High Throughput Genomic Dat@ TG): HTGs are segments of sequences (typically more than
2kb long) which are unfinished, that means, in general, contain one or more gaps and other
errors or are unordered.
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FIGURE 2.9: Alignment of sequences S1 and S2: best matching of the nucleotides of S1 and S2

2.6.3 Typical Bioinformatics Applications Related to Molecular Biology Databases

The amount of software tools for analysing molecular biology data is overwhelming. But there are
some standard tools, that are provided by several databases. These tools support frequently appearing
analysis requests.

The probably two most important methods are described in the following.

Sequence Analysis

Nowadays sequence analysis is perhtggsmost important bioinformatics research field. A large
amount of sequence data is available and is increasing with an exponential speed.

Sequence analysis methods have different goals, amoung others:

e Pattern Detection: Newly produced DNA sequences are just strings over a four letter alphabet.
The biological function of the sequence is usually not known. With the support of sequence
analysis tools these sequences have to be analysed for detecting common patterns (e.g. a start
codon indicating the start of a gene, or a sequence pattern indicating a regulatory region).

e Sequence Similarity: Newly produced data are also often compared with existing sequences.
Sequence similarities indicate similar biological functions.

e Gene Translation: If a sequence is identified as a gene, it is translated according to the genetic
code (cf. AppendiXB) into a amino acid sequence.

Especially the sequence similarity search is a common method. In this context theetguence
alignmentss often used.

The sequences S1 and S2 are matched in Fjggre 2.9, according to their nucleotides. The best alignment
is the alignment optimizing the number of matchings. The best alignment of sequences S1 and S2 is
shown here.

Common sequence analysis methods used by molecular biology databases are the BLAST [4] tools
(BLAST is a family of database retrieval tools based on alignment algorithms; BLAST can e.g. find
the best alignment of a given sequence and all sequences in a sequence database) or FASTA [56] (a
sequence alignment tool with similar functionality like BLAST). Both tools require input as text files

in a special format.

Protein Folding and 3D-Structure Analysis

As mentioned above, the precise prediction of the 3-dimensional structure of a protein from its amino
acid sequence is an important problem for biologists.
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Several approaches have been developed to solve this problem and create an algorithm that predicts
secondary structures from primary structures.

These approaches usually try to create an oversimplified model. E.g. common oversimplifications are
the exclusion of exceptions or the assumption that the protein structure is not flexible but fixed. If the
model is accurate, the most possible folding can be calculated. But the calculated conformation has
to be checked manually in the laboratory by biologists.

Nevertheless, this procedure of calculating and checking is usually much quicker than solving the 3-
dimensional structure manually in the laboratory without calculating the most possible conformation
before.

The most frequent used approaches of structure prediction and analysis are the knowledge-based
approaches. Itis a fact that proteins with a similar amino acid sequence usually have similar functions
and therefore also similar structures. Newly discovered or translated proteins are compared with
existing proteins (of which the structure is known) by using sequence alignment methods.

3-dimensional structure analysis tools that are with molecular biology databases have different func-
tionalities. There are tools for the visualisation of protein structures (e.g. RasMol [60]). A tool called
VAST is a structure — structure alignment method (i.e. aligns two proteins on the sequence and the
structure level). A long (but probably not comprehensive) list of 3-dimensional structure analysis
tools can be obtained from the homepage of the Protein Data Bank PIhE@iiwww.rcsb.
ora/pdb/software-iist.ntmi

Note: The primary structure of nucleic acids (i.e. the sequence of nucleotides) is comparable to a
machine-readable language. The “translation” of this blueprint into a folded protein is extremly quick.
If this “translation” would be fully understood, this would probably lead to a new computer model

in terms of efficiency. This computer model would probably not be comparable with the traditional
models (such as turing-machine), but instead be much more efficient.
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Chapter 3

Molecular Biology Databases

In the past few years the systematic sequencing efforts on all kind of organisms have grown rapidly. A
tremendous flood of biological data is now produced. As biology is a knowledge-based discipline and
the amount of existing data is overwhelming, applications and systems have to be developed for both
storing and warehousing all these data. It is no wonder that there are many different molecular biology
databases which were established in the past years. These databases are often built and maintained
by biology researchers who do not have profound expertise in the field of computer science and
especially database design and applications. On the other hand these molecular biology databases
have been neglected by a great part of the computer science community for a long time.

This part of the work is dedicated to computer scientists to get insight into molecular biology databases.
We try to investigate the properties of these databases, focussing on the data modelling, the data stor-
age, and the data retrieval. A classification of molecular biology databases according to these issues
is provided. In AppendiX]A we present a directory of 120 molecular biology databases. Each listed
database is investigated according to the classification criteria mentioned above.

Chapte 3]1 gives a brief introduction to molecular databases followed by a description of the criteria
used to classify the databases in Chaptgr 3.2. Chapler 3.3 describes the four categories of the data
modelling classification in more detail. The question for which applications biology researchers use
molecular biology databases is discussed briefly in Chapter 3.4. A table that summerises the classifi-
cation of the molecular biology databases investigated in Appendix A is shown in Chapter 3.5.

3.1 Introduction

In the past few years the systematic sequencing efforts on all kind of organisms have grown rapidly.
An overwhelming flood of sequence data is produced. This data will become more and more important
as sequence-based methods get constantly fashionable in the field of molecular biology. Efficient
methods and resources have to be developed for both warehousing and accessing this tremendous
amount of data. As a consequence many databases for this data were established in the past years
(e.g. in April 2001 the current version of DBcat — a catalog of molecular biology databases, cf.
Appendix[AID — provides 511 different resources). These databases are mostly accessible via the

27



28 CHAPTER 3. MOLECULAR BIOLOGY DATABASES

WWW.

Unfortunately the field of molecular biology is very complex. Computer scientists usually have no
profound expertise in this field. Thus the databases are mostly developed by biologists who themselves
have only poor knowledge in the field of databases and data warehousing. It is an important and
difficult task to bring the researchers of both molecular biology and computer science together.

This part of the work tries to address this task. We investigate the organization and structure of
molecular biology databases. Our focus is on data modelling, data storage, and data retrieval. One
should remember that this research field is very dynamic and parts of this work might be out of date
soon. But we hope to provide a starting point for beginners in the field of modelling biological data.

We classified the databases in three classes. The first classification is by contents. The second classi-
fication is according to the implementation, especially according to the underlying database manage-
ment system and data model (Chapter 3.2.2 Implementation Aspects: Data Modelling, Data Storage
and Data Acquisition). The third classification is according to the data representation. We denote a
particular interest on the data retrieval and on query interfaces (Chapter 3.2.3 Implementation Aspects:
Data Retrieval/Query Answering).

Appendix[A presents an overview over 120 molecular biology databases. The selection of the inves-
tigated databases is close to the Database Issue 2000 of the biological Mucteit Acids Research
(NAR, 2000, Vol.28, No. 1). We explore the databases according to the classification criteria de-
scribed later in this chapter. High value is set on providing literature references for further and detailed
investigations.

Chaptei 315 summerizes the classification of the investigated databases in a table.

3.2 Classifying Molecular Biology Databases

We selected three major classifications of molecular biology databases.

The first classification is according to the contents of the databases. In this context we will take a look
on the interconnections between molecular biology databases (i.e. how are entries of one database
linked to entries in other databases.)

The second classification focuses on the implementation. We investigate the underlying data model
and data management system. The way and frequency of acquiring new data items is also analysed.

The third classification explores the possibilities of data retrieval. We focus our investigation on the
query interfaces of the databases.

This selection seems to be reasonable. Classification by contents is commonly used and provided by
biologists. The later two classifications analyse the modelling and representation of biological data
and are more intended to computer scientists.

3.2.1 Biological Data

In general, knowledge bases in molecular biology must capture three types of data (see also [57]):

1. Data on biological entities such as nucleic acids, proteins, etc. and on relationships between
these entities (descriptive knowledge).
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2. Data on the dynamic behavior of biological processes that consit of these relationships (behav-
ioral knowledge).

3. Data on the methods which can be used to identify the entities and their relationships (dynamic
knowledge).

As a consequence biological data are rather heterogeneous. On one hand there is a huge amount of
data on different biological entities, such as nucleic acids, proteins, genes, etc. On the other hand,
there is a tremendous amount of data on many different organisms. Compared to this ever increasing
flow of data, only few data are curently available on interactions between biological entities and the
dynamical behavior of systems of interactions (such as genetic regulatory systems and metabolic
pathways (see also Chapfér 5). Depending on their scopes and aims, molecular biology databases
usually focus on one of these kinds of data. Databases providing data on biological entities and/or
their interactions usually try to gather data from all kind of organisms. This heterogeneity is most
likely the main reason for the large and still increasing number of molecular biology databases.

The classification of molecular biology databases by contents is interesting and helpful especially for
biologists. Most computer scientists do not have a clue about the contents and organization of the
databases. We try to address this problem in the following.

It should be mentioned that every classification of molecular biology databases by contents is ques-
tionable from the biological point of view. Usually each biological expert has its own classification
according to its main focuses. Our classification by contents is chosen to hopefully enable computer
scientists to get a notion about the contents of molecular biology databases.

Biological data often consists of the so called core data. These data are mostly sequences (nucleotides
or amino acids). Usually databases provide annotations to these core data. In general these annotations
are simple texts, telling biological relevant information about the sequence data. Often, new data,
which also have to be stored, are produced out of these core data by dedicated analysis tools provided
by bioinformatics research.

Molecular biology databases can be classified by contents in nine main groups. The groups are not
disjunct, and databases may be added to more than one group. Each group is described now:

Bibliographic Databases. Bibliographic databases abstract the scientific literature in machine read-
able form. It should be emphasized that none of these services has a complete coverage of the field of
molecular biology.

Databases that Classify Species (Taxonomy DatabasesPatabases that classify species are often
called Taxonomy Databases. They intensively depend on the classifications which are done by a
taxonomist. As the classifications are questioned by other taxonomists these databases are fairly
controversial.

Nucleotide Sequence DatabasesNucleotide sequence databases focus on biological entities such
as genes, nucleic acids, etc.

In general, these databases intend to make freely available all nucleotide sequence data (DNA, RNA)
from the research community. Nucleotide sequences (DNA/RNA) are mostly annotated with text
(e.g. texts telling in which organisms the sequence appears or which physiological functions the
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sequence have) and bibliography reference. Some specialized databases deal with particular classes
of sequence, e.g. DNA, RNA, transcription factors, HIV sequences, promoters, etc. or try to address
the redundancy problem of similar sequences (sequence-cluster databases). The user of such databases
should consider that the resources often contain many errors. Although the nucleotide sequence data
is often checked by the database staff, the correctness and quality of the data is in the responsibility

of the submitter. Unfortunately many data items are mislabeled, contaminated, incompletely or faulty
annotated, contain sequencing errors or are simply redundant with other existing entries.

Genomic Databases. Genomic databases in general provide genetic data about a special organism
of interest (often model organisms, cf. Section 2.6.1) but vary greatly in content. Information stored

in genomic databases includes e.g.: information on genotypes, gene products, gene names, gene
properties, specific mutations as well as genomic maps and reference information for strains. The
long list of model organisms range from the bacteridncoli and the bakers yeasséiccharomyces
cerevisiaeto several plants (e.g. maize, cotton, rice, etc.) and animals (e.g. fruit fly, mouse, sheep,
etc.).

Proteomic Databases. Proteomic databases are in general a mixture of nucleotide sequence data-
bases, protein sequence databases, and others. They focus on information about expressed proteins,
providing usually the amino acid sequences, the nucleotide sequences of the according genes, and
biological information about the proteins. This includes maps resulting from 2D electrophoresis (a
special biological analysis method) of the according protein. Proteomic databases provide data on
biological entities.

Metabolic Pathway Databases. Databases on metabolic pathways store information on the metabolism
of one organism or several different organisms. The enzymes patrticipating on the reactions of the path-

ways are often linked with sequence databases or annotated with biological information. The contents

in these databases can be data on biological entities as well as on different species.

Protein Sequence Databases.Protein sequence databases provide comprehensive information on
proteins (data on biological entities). Universal databases storing information on proteins from all
organisms have to be distinguished from specialized databases storing information about specific fam-
ilies or groups of proteins or about the proteins in a specific species. Biological information is also
often annotated to the sequences. Annotations like the biological function of a protein or the cluster
a protein belongs to by a special classification are provided as texts (see above: “nucleotide sequence
databases”).

Protein Structure Databases. Protein structure databases intend to make available the rapidly in-
creasing number of known protein structures. The complete 3D structures of proteins are represented
by storing the coordinates in a normed 3D space. Often textual annotations are provided, as usual.
These databases also provide data on biological entities.

Mixed Type Databases. As mentioned above, some databases can be added to more than one of the
given classes. Some database providers sometimes even offer more than one repository with different
contents.
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Interconnections between molecular biology databases

Many molecular biology databases provide links to each other. In general these cross-references are
based on primary keys. Most databases provide unique accession humbers for each of their entry as
primary keys. There are two kinds of interconnections between molecular biology databases:

e Hypertext links: Entries of several databases supply hypertext links to related databases (e.g. an
entry in GenBank provides hypertext links to entries in EMBL Nucleotide Sequence Database
or in SWISS-PROT).

e Textual references: Entries of several databases provide textual information about the accession
number of the according entry in an other database. The user must perform the query for this
accession number using the query interfaces of the other database.

It should be mentioned that hypertext links are usually implemented as textual references (especially

in flat files). The database overview, as presented in App€ndix A, also focuses on the interconnections
between the according database and others. But we only investigate, whether there are hypertext links,
or —if not — at least textual references.

Another classification which is interesting in this context addresses a biological relevant aspect of
cross-references. We do not focus on this classification, but it should be mentioned here:

The links can be characterized into similarity links and other biological links.

Similarity links connect sequence entries or according data items with other items that provide or are
based on similar sequences. Entries which are similar based on their sequence data are often called
neighbors. Neighbors are usually identified using similarity search programs such as BILAST [4] or
FASTA [66]. Usually, similarity links are not explicitly stored in molecular biology databases. They
have to be computed by users utilizing similarity search programs.

Other biological links usually refer to additional biologically relevant information. E.g. an entry
in SWISS-PROT providing information about a protein is linked to an entry in GenBank to refer to
information about the gene encoding this protein.

3.2.2 Implementation Aspects: Data Modelling, Data Storage and Data Acquisition

After we got an overview on the data stored in molecular biology databases we now investigate how
these data are modeled, organized and represented.

We use the following terminology. The logical structure of the data in a database — called schema —

is specified by a data definition language (DDL). The transformation between the logical and internal
level is operated by a data management system. Molecular biology databases use data management
systems ranging from file management systems to database management systems (DBMSSs)

This work will focus on exploring the schemas of the selected molecular biology databases and on
the database management system, used for storing the schema physically on disk. We also investigate
how data is acquired.

Data Modelling and Data Storage. Following [47] molecular biology databases can be classified
in four categories according to the underlying data management system:
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e Databases using a common DBMS

e Databases using ACEDB as a DBMS. ACEDB is a DBMS original implemented for the.”A
elegandData Base’(ACeDB) but can be easily used for other biology resourcds (ci. 3.3.2).

e Databases using the Object-Protocol Model (OPM) on top of a common DBMS. OPM is a data
model that combines standard object-oriented constructs with constructs for modelling scientific

experiments (cfi_3-3.3).
¢ Databases implemented as Flat File Libraries. E.g. some of them use [pP¢DDL.

Detailed descriptions on the four different classes can be found in S¢cfion 3.3.

It is remarkable that most of the molecular biology databases were at first implemented as flat file
libraries. But currently there are great changes in this field. Several flat file repositories are being
re-implemented using standard relational or object-oriented DBMS. Due to this migration it should
be emphasized once more that this compilation may be soon partly out of date.

Data Acquisition. An important aspect of databases in general is how new data are acquired. This
aspect is closely related to the data modelling and storage. New data have to be inserted in the
database with respect to the database schema. All DBMSs therefore provide their DDLs and their
Data Manipulation Languages (DML).

Molecular biology databases can be classified in the context of data acquisition as follows:

e Data are acquired from other databases. This indicates that the format or model of the incoming
data eventually has to be transformed.

e Data are acquired from the research community (all researchers who submit their data to the
database). Sometimes, the right to submit data is restricted to a set of laboratories (e.g. the GDB
acquires data only from laboratories that are members of the Human Genome Project). Data
from lab submissions often contain errors which would require a manual or automatic check.
Fill in forms make sure that the data fit to the schema of the database.

e Data are acquired from the literature. Usually this acquisition is done manually and requires a
great contingent of well trained persons.

The frequency of update is another interesting question in this context. The frequencies of updates of
molecular biology databases greatly vary. In fact, there are databases which are no longer maintained
and updated, e.g. due to financial problems.

3.2.3 Implementation Aspects: Data Retrieval/Query Answering

The external level of a database is the interface to the user. This interface provides different views for
different groups of users as well as a direct way for retrieving and manipulating the data with a data
manipulation language including the DDL and a query language (QL). Thus the external level fixes
the way how the data is represented, i.e. how the user can query against the database.

1ANS.1 (Abstract Syntax Notation No. 1) is a formal notation originally used for describing data transmitted by telecom-
munications protocol. It is a standard that defines a formalism for the specification of abstract data types [5]
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Query Interfaces. According to [47] there are two different kinds of query interfaces:

e Fixed-form/Canned queries:
The query form provides a view on the database. Queries can only be performed against a
predetermined set of tables, classes or other database components and a predetermined set of
attributes for each database component. The view may not necessarily reflect the underlying
structure of the database.

e Free-formAd hoc queries:
The query form does not have any predetermined structure. Usually these queries are expressed
in some QL, depending on the underlying data model and DBMS. Although these QLs are often
very powerful they have one big disadvantage: the user must have some detailed knowledge
about the data model and schema of the database, of the particular QL and also some further
skills in database theory. To formulate a query in SQL for example requires knowledge of the
structure and manipulation of relational databases. Most biologists accessing molecular biology
databases do not have these skills.

Most of the databases provide both kind of query interfaces. In this work we investigate the query
interfaces of the selected databases. We focus on whether there are fixed- or free-form queries and how
they are supported, how the query-interfaces are documented and if existing what QLs are supported.

Other ways of data retrieval. Often other possible and common ways of data retrieval in addition
to the query interfaces on the according web-sites are the following:

e Download the data in flat file(s) via FTP. The capacity of one flat file often ranges from the
whole database contents to single database entries.

e Several molecular biology database providers have classified their data to build up hierarchies.
These hierarchies can then be browsed through to retrieve special data items. This way of data
retrieval is often calledndirect data retrieval It should be mentioned that the classification
criteria are often useful for the user, but can also be hindering.

We do not focus on the ways of data retrieval and query answering mentioned in this paragraph. But
we also try not to survey them to make this work as complete as possible.

3.3 A Computer Scientist’s View of Molecular Biology Databases

3.3.1 Standard Database Management Systems

Many molecular biology databases are implemented using a standard (often commercial) DBMS. The
spectrum includes relational, object-oriented and object-relational systems.

Relational DBMS. Commercial relational DBMSs rely on a data model based on tables (also called
relations) and flat tuples. A tuple is an ordered collection of attribute values. A relational DBMS
based on the relational model does not provide (object) types nor collections as attribute values, nor
inheritance over class-subclass hierarchies. Relational DBMSs support (a variant of) SQL (developed
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1974 at the IBM Almaden Research Laboratory, San Jose, California by Chamberlin D. et al.) as DDL
and QL.

Relational DBMSs are nowadays becoming more widespread also in the field of molecular biology
databases. More and more databases with different contents use relational a DBMS. For example the
Genome Sequence Database (GSDB] Cf.]JA.38), a nucleotide sequence database, is implemented using
the relational DBMS Sybase. CyanoBase [CT_A.17), a genetic database, is also implemented using the
relational DBMS Sybase and the proteomic database YPO{cf. A.119) is managed by the relational
DBMS Oracle.

Object DBMS. Most commercial object DBMSs follow the ODMG standard [15] that specifies the
following features:

1. Anobject data modehat allows classes with attributes and relationships, class hierarchy with
inheritance and a range of collection types such as set, bag (multi-set), and list (sequence).

2. A (descriptive)query languagéOQL) that has a syntax and power similar to SQL but acts on
the richer ODMG model.

3. Acollection of "language bindingstypically for Java, C++ and Smalltalk. A language binding
allows the programming language to query the database using the OQL.

For example the INTERACT database (Ef._A.49) is implemented using the object DBMS Poet. One
of the MIPS databases (c[f._A]63) is also managed by an object DBMS. Another molecular biology
database using an object DBMS is PSD/PIR[[CT._A.79).

Object-relational DBMS. Object-relational DBMSs are relational DBMSs extended with imple-
mentation for object and collection types as attributes of tuples as well as class hierarchy with inher-
itance. They usually support SQL or at least a comparable DDL and descriptive QL. Some vendors
(e.g. Oracle) of relational DBMSs provide object-relational versions of their software. Currently
several databases at the Protein Information Resource (PIR_Cl. A.79) seem to be the only databases
implemented using an object-relational DBMS. In addition, the PRINTS-S databage {df. A.82) is built
upon an object-relational schema.

3.3.2 ACEDB : A Database Management System originally developed for a molecular
biology database

ACEDB [?3] is a DBMS which was originally developed and implemented by R. Durbin and J.
Thierry-Mieg for the "A C. elegansData Base” (ACeDB) but was extended to be used for other
specialized databases. There are often some misunderstandings concerned with the name: Originally
ACeDB is the specialized database for Qeelegan®rganism and ACEDB is the underlying DBMS

of this database. Several papers and researchers mix the terms ACEDB and ACeDB with each other.

Data model. ACEDB is similar to an object-oriented system. Data are modeled as objects that are
organized in classes. However, ACEDB supports no class hierarchies, nor inheritance.
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Gene

name : Text bases : Integer

location : Loci seq ! Sequence

FIGURE 3.1: Exemplary model of an object class “Gene”.

Each object has a set of attributes organized as a tree. The nodes of the tree are all named. The
branches typically model pointers to other objects or data with atomic (numerical and string) values.
Objects are allocated to classes. Each class has a model (here called "class-model”), specifying the
maximum fan out of each node, and the type of data or classes of pointer permitted at each position.
Individual instances of the class may have only a part of the branching pattern permitted by the model.
This approach has several additional advantages:

e The modelling of sort of semi-structured data is supported. (One can compare an instance of a
ACEDB class model with an XML-instance of an XML-DTD [2].)

e Extensions of the schema can be easily done by adding branches to the model. Such extensions
do not require to restructure the whole data model because one need not to care about existing
instances.

e Arbitrary (text) comments can be attached freely at any point in the tree. These comments are
ignored by the searching algorithms of the ACEDB system. Comments allow flexible annota-
tions.

The ACEDB approach to data modelling is very loosely related to data modelling with mark-up lan-
guages such as XML, i.e. to the so called semi-structured approach to data modelling [2]. However,
the semi-structured approach offers also multiple inheritance which is not allowed in ACEDB (but it
can be simulated by the ACEDB data model). Although in ACEDB the number of classes is restricted,
a wider variety of objects within a class is allowed, so that two objects of the same class have only
few or even no branches in common. E.g. in the ACeDB there are only about fifty classes that hold
nearly a hundred thousand heterogeneous objects.

In addition to the object classes organized in trees there are more simpler classes which contain general
arrays of data in ACEDB. These classes allow more rigid but more efficient storage of data such as
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Choose new class: Gene Class (617) Ol | EI

Phenotype : Text |

Designating_lab : ?Laboratory |

Allele : ZAllele |

?Gene_Class

Model : ?Gene_Class

Fhenotype Text

Designating laboratory fLaboratory
Allele zAllele

Loci fLocus

Main name FGene Class

other name #Gene Class

(A) Textual representation

Loci : ?Locus |

Main_name : ?Gene_Class |

Other_name : ?Gene_Class |

(B) Tree representation

FIGURE 3.2: Sample entry in the ACeDB database called “Gene_Class”

DNA sequences. They are organized as tables of records of variable length (tuples).

Implementation. ACEDB is a portable data management system with a powerful and extendable,
graphical interface. It is available for several operating systems such as several UNIX machines,
Windows and Macintosh. Via this interface there are several possibilities of querying an ACEDB

database:

e Template Search: This is a fixed-form query interface where the user has to choose the class

in which model to search.

Text Search: The user has the possibility to search all text in all fields for a match to a text
string.

Sample Queries: Via a special fixed-form tool called "Query Builder” the user gets a more
detailed view on the database. Target objects can be specified in more detail by properties of
their attributes. A Where” operator is used to apply criteria to a keyset (i.e. a set of primary
keys, identifying a group of objects that are conform to desired criteria) that has previously been
found.

Query Language Search:ACEDB provides a powerful query language called AQL. Databases
implemented using ACEDB can be searched viad@hoc query interface using AQL, but that
requires knowledge of AQL and of the data model and is often carried out slowly by the DBMS.
The basic operations of AQL are:

— to perform filtering operations on a set of objects, either on the basis of their names or the
data they contain, and

— to follow pointers to retrieve other objects.
These operations can be combined using boolean operations.

Combining Keysets: As mentioned above, a keyset is a set of primary keys, identifying a
group of objects that conform to desired criteria. The result of queries produce different keysets
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which can be saved. After collecting a number of keysets by querying the database the user
can view commonalities or differences between them. A set of options to combine keysets
provide set operators including intersection, union, union but not intersection (exclusive union)
and difference of keysets.

Basic principles of DBMSs such as transaction, crash recovery and indexing are supported by ACEDB.
The storage of data on disk is done according to the classes. Thus the tree objects are stored in a very
different way from how the long stretches of DNA sequences are stored. The ACEDB implementors
claim that this concepts make the system to be efficient.

ACEDB offers several analysis tools via its graphical interface but additional provides output in flat-
files following several standard formats such as FASTA-format (special format for the FASTA analysis
tool) or ANS.1 format recommended by the NCBI (NCBI provides several tools for biological data

analysis which require input in a special format). The source code of ACEDB is public and every
database developer is thus able to add own tools and features.

The ACEDB software can be downloaded at several URLSs, e.d. at [3].

A comprehensive list of all databases that use ACEDB as DBMS is hard to obtain and maintain
([ACEDOC])). Especially genetic databases which provide specialized information on one organism
often use ACEDB as their DBMSILI[3] provides an incomplete list of molecular biology databases
implemented using ACEDB. A very extensive collection of documentation on all aspects of ACEDB
is available at the same URL. Vicarious as an example th€’&leganDatabase”(also known as
ACeDB) should be mentioned: it the database for which the ACEDB software has been primarily
developed.

3.3.3 OPM: The Object-Protocol Model (OPM)

The Object Protocol Model (OPM) was introduced hyi [16] in 1995. It was developed for modelling
of biological data, focussing on the modelling of scientific experiments. It is a data model that is
very similar to an object model but provides specific constructs to support the modelling of scientific
experiments. A suite of OPM data management tools provides an interface to common relational
DBMSs like Sybase or Oracle. These tools include:

e a graphical schema editor for specifying OPM schemas;
e atranslator of OPM schemas into relational definitions and procedures;

e a generic graphical querying, browsing and data entry tool with a WWW interface, for entering
OPM data into an OPM-based database, specifying OPM queries and browsing their results;

e atool to determine the OPM schema definition of existing relational database schemas.

Modelling of scientific experiments is often very important in the context of molecular biology data-
bases because many users want to get information on the experiments which produced the data they
are searching for. For example if one found a special nucleotide sequence in a database it is interesting
by which methods this sequence was determined and by which methods the additional informations
were produced.
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Motivation for the development of OPM. [18] stated that modelling of scientific experiments with
the constructs of a relational or object model is inadequate. To check this statement we will take a
closer look on scientific experiments and their particularities.

Scientific experiments (often also called protocols) are instances of procedures such as genome se-
quencing protocols performed in molecular biology laboratories [16] and characterized by properties
like time and location. Additionally experiments

e transform some input (resources) into output (experimental results);
e can be preceeded or succeeded by other experiments;

e can be components of more generic experiments or can consist of sequences of component
experiments and/or alternative component experiments, where experiments and according com-
ponent experiments share common inputs and/or outputs.

We take a look on an example (from]16]):

In SectioNZ.6]2 we were investigating a biological application called sequencing method. This exper-
iment regards the construction of a genetic map (here cattetlg map to determine the complete

DNA sequence of a special organism. But the sequencing methods only allow sequencing of frag-
ments of a few hundred nucleotides. Thus the chromosomal DNA has to be cut in smaller fragments,
the fragments have to be sequenced and then assembled into contig maps.

These contig maps can be constructed out of sequenced DNA fragment using a protoc@aadled
struct . TheConstruct protocol has an input (DNAragments ) and an outputdontig

maps) and can be carried out by two alternative protoc@sgerlap andConstraint , both fol-
lowed by protocolAssemble . Figure[3:B shows the experime@bnstruct diagrammatically.
ProtocolOverlap regards the comparison of two DNA fragments using a computer program, while
protocolConstraint  regards the manual comparison of two DNA fragments according to certain
constraints.

With the help of this example we now investigate why scientific experiments cannot be modeled ad-
equately with the constructs supported by object data models according to [16]. For instance, the
relationship between a generic experiment (e.g. prot@uoistruct ) and its component experi-
ments (e.g. protocdDverlap ) cannot be modeled as a class-subclass relation€hipstruct

can also be carried out by subproto@dnstraint  thus some instances @fonstruct are not

even related t@®verlap instances).

It is also inadequate to model the relationship between a generic experiment and its component ex-
periments using attributes. We suppose, e.g., @harlap , Constraint , andAssemble are
modeled as three attributes@bnstruct . Then it is not clear tha€onstruct can be carried out

by alternative protocol®verlap andConstraint

In this particular example, subprotocols@bnstruct can be modeled using a tuple attribute such
as

attribute steps(stepl,step2) : (Overlap or Constraint, Assemble)
if the underlying data model supports both tuple attributes and union value classes.

However, such representations are not appropriate for more complex subprotocol structures and cannot
capture the input and output relationships of experiments.
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fragments connections

e Data Flow
O Protocol

FIGURE 3.3: Example Protocol Construct : The Construct protocol can be carried out by two
alternative protocols, Overlap and Constraint , both followed by protocol Assemble (taken from

[16]).

Protocol connections and recursive specifications can be simulated in object DBMSs using methods

but this involves manually developing numerous procedures in a programming language. Such pro-

cedures are hard to comprehend, time-consuming to develop and not easy to be exported to other
DBMSs [16)].

OPM supports the accurate modelling of scientific experiments, the specification of views, an under-
lying ontology of scientific terms, and nested queries prevalent in scientific applications.

Data model. OPM integrates constructs for modelling scientific experiments into an object data
model.

The object constructs of OPM are similar to the so-called Semantic Database Model (SDM) and O
including object and derived object classes as well as inheritance mechanismsl(see [16] for a detailed
and more formal description).

Additional OPM provides constructs for modelling experimental procedures:

e Protocol Classesre similar to object classes. Protocol modelling is characterized by the recur-
sive specification of generic protocols in terms of component subprotocols. These components
can be

— alternative subprotocols,
— a sequence of subprotocols, and
— optional subprotocols.

All this can be expressed adequately with OPM.
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:-‘ Schema Display Define
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FIGURE 3.4: Graphical representation of the schema of the example protocol Construct  (taken
from [186])

¢ Input and Output Attributes are associated with a protocol class in addition to regular and
connection attributes. They represent input and output data and are used to express input-output
connections of directly related protocols.

e Protocol relationships are expressed using delete rules associated with the connection and
system attributes.

e Derived protocol classesan be

— generic protocol classes for representing experiments that are constructed from instances
of existing protocol classes, and

— subprotocol classes for representing subsets of experiments or a component of an existing
experiment; a derived subprotocol inherits attributes from its generic protocol.

OPM provides constructs for expressing queries that are prevalent in scientific applicafions [16]. The
OPM query language has a SQL-like structure and supports path expressions and set predicates. Other
object oriented query constructs are not yet being implemented.

OPM currently works on top of relational DBMSs and makes use of all the advantages of their well in-
vestigated systems. As many scientific and molecular biology databases nowadays use object DBMSs,
a new version of OPM and its tools is being developed to be suitable for that kind of systems in the
future. A special feature will be the modelling of protocol connections with methods. The prob-

lem mentioned above is going to be carried out by the OPM tools so that the methods are generated
automatically.

For example the Genome Data Base (GDB) at John Hopkins School of Medicine in Baltimore/USA is
modeled and implemented using OPM on top of the relational DBMS Sybase. Together with the new
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version of the Protein Databank (PDB) at Brookhaven, GDB is one of the first databases to use OPM.
In addition, several commercial biotechnology companies seem to use OPM for their databases.

3.3.4 Flat File Repositories

In the early days of molecular biology databases DBMSs were rarely used. Instead most molecular
biology databases were built up using (more or less) indexed (flat) files. In an indexed flat file each
entry consists of line types which are indexed with a keyword.

Even later in the eighties and nineties when (especially relational) DBMSs became more widespread,
molecular biology databases followed this evolution only slowly because most molecular biology
databases were administrated by biologists and the overhead costs for porting data to (commercial)
DBMSs would have been very high. Another reason for this may be that the storage of large sequence
data in standard DBMS seems to be not very efficient.

Publications = {[title: string,
authors: {] [name: string,initial: stringl [},
journal: <uncontrolled: string,

controlled: <medline-jta: string, % Medline journal title abbreviation
iso-jta: string, % IS0 journal title abbreviation
journal-title: string, % Full journal title
issn: string>> % ISSN number
volume: string,
issue: string,
year: int,

pages: string,
abstract: string,
keywd: {string}]}

Description Notation [ ASN1
|_ terminology
list W i1 sequence of
sEt {r} sel of
record Byem iy engd sequence
(labeled fields)
variant J FHE TR Lsr,» choice
(tagged union)

FIGURE 3.5: Part of a typical example of a complex type in ASN.1 data sources (taken from [20])

Nowadays several databases originally implemented as flat files are rebuilt using a standard (i.e. re-
lational, object, or object-relational) DBMS. Note that there are still some databases which are based
upon just one or a few indexed flat files.

One can argue that DBMSs might be dispensable because data entries (often) are not expected to
change, multiple-user access is (often) not required, and the porting costs mentioned above are (often)
to high. Another very important issue is that the data are often very complex. An example of a
complex type is shown in Figufe B.5. Note the nesting of a set of keywords (strings) witlkieytvel

record field of the typéublication , the nesting of a list of author records within thethors

record field, and the use of a variant type within fbarnal  field. Summarizing, typical data

types used in theses (flat file) formats include deeply nested records, sets, lists and variants. These
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data can not easily be represented in a relational DBMS [20]. Object-oriented database products,
which might be adequate to conquer these modelling challenges accurately, did not at the point of
time (when molecular biology databases were established) adapt well to schema evolutions. Thus the
need to model complex objects in a system which could adopt well to schema evolution led to the
development of expressive formats such as ANS.1 and ACEDB.

Even if the implementation uses a standard DBMS (with or without OPM) or ACEDB, many databases
offer a flat file release of the database. The reason for this is that flat fileglafeao data exchange
standard in molecular biology data analysis. Biology researchers are used to several useful and so-
phisticated computer programs such as FASITA [4] or BLAST [56] — sequence analysis and retrieval
tools —which work on (and often require a special format of) flat files. Thus, they often download data
from molecular biology databases to analyse it on their local work stations. Biologists write their own
parsing and analysing tools, which is of course not very reasonable, because this is time consuming
and the programs can easily be faulty, but simply traditional. Moreover, biology researchers might
need a tool that does not exist yet or is not available, so that they try to implement it for their own.
E.g. several laboratories have their own parsing tools for extracting the data they are interested in out
of flat files.

Another reason for the use of flat files as data exchange format might be that searching and accessing
data via the web can be time consuming. Several biologists periodically download the current version
of entire databases plus data retrieval tools to have a local copy. Access to the local data is often much
faster than via the web.

Data modelling. Molecular biology databases implemented as flat files often do not have a data
model per se. But most of them provide search indexes. Each data entry is structured by using
keywords as indexes. The term "line type” is often used for this construct. The keywords are often
two-character strings but can be also whole words of variable length. If the data consist of complex
types, these types will be trimmed to fit in the line types. Fidurg 3.6 shows a sample entry of the
SWISS-PROT database (protein sequence database, cf. Appendix A.103). Every line begins with a
two-character keyword. Some indexes are only allowed to appear once in an entry, others may appear
more than once or may miss at all.

There are also molecular biology databases that do not provide indexing (e.g. HDB, cf. Appendix
AZ0). In these databases the data items are usually implicitly structured (see[Figure 3.7)

Especially sequence databases are often flat file repositories, for modelling and storing a long sequence
of nucleotides or amino acids is not jet investigated accurately.

Some databases (for example the well known database GenBank, cf. Appendix A.36) use ANS.1 to
define the structure of their data items. ANS.1 (Abstract Syntax Notation No. 1) is a formal notation
originally used for describing data transmitted by telecommunications protocol. It is a standard that
defines a formalism for the specification of abstract data types [5]. F[gure 3.5 shows the ASN.1
definition of a complex example type call®dblication

It seemed to be that there is no common semantic structure in all flat file databases. The keywords
and indices of different databases may differ not only syntactically but also semantically. There is no
information available about a central organization that identifies a set of standard line types for each
flat file entry.

On the other hand, the three databases of the IC (International Nucleotide Sequence Database Collab-
oration) — GenBank (cf. Appendix’A:B6), EMBL (cf. Appendix’Al28), and DDBJ (cf. Appendix
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FIGURE 3.6: SWISS-PROT database: A typical entry of a flat file combining various kind of data

A-Z2) — seemingly have a set of syntactically different but semantically equal line types. This might

be reasonable because the contents of the three databases are very similar.

Databases with different contents have more differences. The semantic of the annotated information is
often already encoded in the keyword. As e.g. entries of GenBank and SWISS-PROT store different
data, the semantic structure of the entries of databases storing different biological data (belonging to

different classes according to the classification by contents) is less similar.

A well known example of the important role that indexed flat files still play in the field of molecular
biology databases is the IC. The exchange of data between GenBank, EMBL, and DDBJ is carried out
using formated flat files. As the entries of the different databases have different structures (e.g. the
keywords of GenBank have different length and the keyword in EMBL consists of two characters),
and semantically different indexes, complex parsing tools carry out the format conversions. It should

be emphasized that full conversion often cannot be done by these tools.

3.3.5 Summary

Biological data are complex.

In general, knowledge bases in molecular biology must capture three types of data (see also [57]):
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YHEPM3 | HEPME hisztone HE - gacden pea. [ Pisum sativom ]| peaH3
ARTEOTARY.STGGEAPRY.OLATEAARESAPAT GEVWEEPHEFEP GTVALEETREY OX.STEL

LIFFLPFORLVEREIAODFETDLEFOSSAY SALOEAAEAYLY GLFEDTHL CATHAYREWTIHM

PEDIOLARRTIRGERA

*H5PW4 | HSPM4 histone H4 - gacden pea. [ Pisum sativom ]| peaHd
SGRGEGGEGLGEGGAFPHREF Y LEDHI OGITEFATEPLARRGGWERT SGLIYEETREGVLET
FLERVIEDAVTY TEHARRETWT AMDVVWY ALFROGETLY GF GG

¥H3F G4 |HEP G4 hisztonme H4 - pig. [ Sus scrofa domestica ]|pocHd
SGERGEGGEGLGEGGAFPHREVLEDHIOGITEPATERLARRGGWERT SGLIYEETRGWLES
FLERWIERDAVTYTEHAFRPETWTAMDYW VY ALEROGETLY GF GG

FIGURE 3.7: Sample entry of HDB: the data items are not structured explicitly using indexes.

1. Data on biological entities such as nucleic acids, proteins, etc. and on relationships between
these entities (descriptive knowledge).

2. Data on the dynamic behavior of biological processes that consit of these relationships (behav-
ioral knowledge).

3. Data on the methods which can be used to identify the entities and their relationships (dynamic
knowledge).

A typical data type has a nested structure which is not easy to represent in the relational model. Object
models are more adequate to model these complex data accuratély (in [62] Sclemdlzsate that

even object models have to be extended by knowledge models originated from the Al field to model
special particularities of biological data).

But in the beginning of molecular biology databases, object DBMSs did not adapt well to schema
evolutions. Relational DBMSs often provided an unintuitive, fragmented design. Thus, formats to
model these complex data accurately providing the ability to adapt to schema evolution have been
developed. Such formats are e.g. ASN.1 and ACEDB. There were additional reasons to use formatted
files, e.g. the easy access of those files from Fortran or C and the great overhead costs of commercial
DBMSs.

Later, object DBMSs became more sophisticated, and several molecular biology database providers
decided to invest in commercial (object and relational) DBMSs. Other molecular biology databases
(especially the major data sources of the Human Genome Praject [20]) have been using the object
front-end OPM for their relational databases to create more intuitive designs.

From a computer scientist’s point of view the two models of OPM and ACEDB are especially inter-
esting. Both models provide constructs that seem to be applicable to other application domains than
biology:

e ACEDB is a sort of semi-structured approach as noticed!in [2]. Moreover, this approach has
become widespread in the field of molecular biology data modelling and management.

e OPM models time dependent procedures. The model might be very useful in or related to
several other application areas, e.g. for modelling of document-based workflow. An interest-
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ing question is whether metabolic pathways (which provide a time dependent aspect) can be
modeled (adequately) with OPM. This is investigated in Chgpter 5.

Another aspect which is especially interesting for computer scientists is the fact that most molecular
biology databases rely on several different models. The heterogeneity of all these data stored in
different databases with different formats needs integration. Data integration is an up-to-data research
issue in the field of federated database systems. Molecular biology databases are supposed to be a
great application domain for this computer science research field. See Chapter 4 for an overview over
this issue.

Finally it can be stated, that the research of molecular biology databases is extremely up-to-date
and very interesting from the computer scientist’s point of view, of course especially for researchers
dealing with modelling of semi-structured data, structured texts and data integration of heterogeneous
database systems.

3.4 A (Tentative) Biologist’s View of Molecular Biology Databases

While a computer scientist’s view of molecular biology databases focuses on how they are structured
and managed, a biologist’s view is primarily concerned with their use.

As it was already stated above, the amount of data is too large to keep it within one single brain.
Therefore, molecular biology databases and their associated tools are a key technology for molecular
biology. With the help of the available information and analysis tools, biologists save time and ex-
penses in their daily research. (Example: Several proteins of the fully sequenced genome of yeast are
not yet investigated, that means, their sequences are known, but their functions are not. If a researcher
wants to determine the biological function of such a protein, there are several pieces of data in several
databases, pointing to the putative function. These hints are usually not proven. This is the task of the
researcher who wants to determine the function of the protein. But the researcher has already a clue
what he is most likely looking for.)

Nevertheless, the biologists’ use of molecular biology databases is handicapped by several obstacles.
We try to list some major of these obstacles in the following:

No clarity. The domain of molecular biology databases is a rapidly evolving and increasing area.
Also for biologists, it is difficult and perhaps even impossible to keep track of the available data
sources. Many biologists usually use a small set of three to ten molecular biology databases for their
daily work, according to their research foci and the foci of the databases. For example a researcher
investigating proteins in yeast, will obtain information from SGD (cf. Appendix A.100), YPD (cf.
AppendixX[ATIDP), and MIPS/Yeast (cf. Appendix A.63). As a consequence, biologists do not have all
information that might be important for them at their disposal.

Query interfaces. In general, most biologists use fixed-form query interfaces or browsable hier-
archies to retrieve data. Only few provide knowledge in querying a database wid laocquery
interface using a query language. Although these fixed-form query interfaces often only provide a
limited view on the database, many biologists are happy with them. But different databases offer
different query interfaces. Biologists often do not have the time to learn the ropes of several different
query interfaces.
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Analysis tools. Analysis tools are a key to biologists to interprete and understand data from molec-
ular biology databases. Usually these analysis tools work on the sequence data. They predict e.g.
opening reading frames (ORFs) in nucleotide sequences or secondary structure motifs of amino acid
sequences.

In fact, there is a large amount of sophisticated analysis tools for molecular biology data available via
the web. But most of them have the same functionality. There are only few tasks that can be worked
out by a large set of different tools.

Most biologists have their own preferred tools for each task. For example, one might always use the
BLAST [4] programs for sequence similarity search and never the FASTA [56] program. Some tools
may also produce inadequate results, because they are based on unsuitable algorithms.

Of course, biologists are not familiar to the underlying algorithms. They need some practical experi-
ence to decide which tools are qualified, and which are not.

Another problem of analysis tools for biological data is the following: Many tools are complex to use
because they have several input parameter that influence the results intensively, but are hard to manip-
ulate without any knowledge about the theoretical basics of the underlying algorithms. In addition,
they are sometimes poorly documented, if at all.

As a consequence, most biologists use these tools with their suggested standard parameters and have
never modified any input parameter. This situation limits the use that can be made of these tools.

Literature links.  Most molecular biology databases offer literature references. This is really needed,
because biologists are used to retrieve information, additional to the contents of the databases, from
the literature. But often, the literature links provided by molecular biology databases are not up-to-
date. Indeed, usually literature references have the actuality of their corresponding data entries and
are not updated later. These references often lead to articles that describe the same information stored
in the databases.

As a consequence, biologists are interested in more up-to-date articles that usually describe new and
additional information on the topic of interest. To get more up to date literature on a specific topic,
biologists have to query bibliographic databases, such as PubMed (cf. Appendix A.90).

Because biologists still publish and retrieve a lot of their data only in/from the scientific literature, this
problem of up-to-date literature links and references is, by all means, serious and time consuming.

Conclusion

Usually, biologists are no computer (science) experts. Most biologists want to query easy-to-use,
standardized interfaces: they want to access, retrieve, and analyse biological data by “point-and-click”
navigation without having to care about query languages, input parameters, etc.

A great benefit would be an integrated environment for molecular biology databases and associated
analysis tools (see also Chapfter 4). This would help to overcome the obstacles mentioned above, that
keep biologists from using molecular biology databases in an optimal manner:

e No clarity: Atransparent access to molecular biology databases would ensure that users perform
their queries against all available information and do not have to identify the sources relevant
for their queries.
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e Query interfaces: A standardized, powerful query interface, providing fixed-form interfates,
hoc interfaces, browsable hierarchies, and knowledge-driven interfaces is required. An only
slightly evolving interface would most likely attract biologists to become acquainted with the
particularities of this interface.

e Analysis tools: A broad range of standard analysis tools would be required. Analysis tools, that
seemingly do not yield adequate results should be left out. The use of these tools should be
assisted by expert documentation or transparent interfaces.

e Literature links: An integrated information infrastructure should also include a bibliographic
database (such as PubMed) to ensure that the newest articles are referred to and can be accessed.

Beside all efforts, to develop comprehensive databases with powerful query interfaces and sophisti-
cated analysis tools, the requirements, characteristics, and preferences of biologists (the users!) should
not be forgotten. There is no common abstraction level between biologists and computer scientists,
and this makes communication between biologists and computer scientists very difficult.

3.5 Classification of Molecular Biology Databases: Grand Table

As mentioned above, we have listed 120 randomly selected molecular biology databases — investigated
according to the classification criteria mentione@in 3.2 — in Appendix A.

This section summerises the results of classifying these 120 molecular biology databases. A tentative
evaluation is presented in Sectijon 3.5.1.

The results of the classification are listed in a grand table (cf. Section 3.5.2). [Tdble 3.1 dnjpage 48
provides the legend for this grand table.

3.5.1 Summary

An interesting observation is a certain kind of coherence between data model and contents of molec-
ular biology databases. Of course, there are several exceptions to this coherence, but on the other
hand there is a certain trend: Most genetic databases use the ACEDB software. Molecular biology
databases providing annotated sequence data often use a flat file implementation. Databases on cer-
tain molecular biological interactions (e.g. protein interactions) often use object DBMSs. Relational
DBMSs are used to manage all kinds of biological data.
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3.5.2 Grand Table
In this section the results of the classification are listed. Each table item provides a page reference to

the according entry in the database directory in Appeptlix A. The legend of the grand table is provided
in Table[31.

TaBLE 3.1: Legend of the grand table of molecular biology databases

Legend

Database short name of the database;

in alphabetical order (digits before letter)

Contents contents of the database

References references (interconnections) to other databases:
HT = hypertext links

TR = textual references

Implementation underlying data management system

Data Acquisition C =research community
D = other databases

L = scientific literature

Querying/Retrieval | FF = fixed-form query interface
AH = ad hoc query interface
FTP = download data files (usually via FTP)

Ind. = indirect data retrieval (browsing through hierarchies)

Details page of this report where details about the database can be found
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Chapter 4

Molecular Biology Database Integration

The biology community is a distributed one. Each area generates its own data and information re-
sources. Specialized tools to query and analyse these data are available but often associated with a
particular database and tailored to its format.

Many biologists still query collections of stand-alone data resources. The incomparability and hetero-
geneity of these databases limits the use that can be made of the available knowledge. This is a great
handicap, for biology is a knowledge-based discipline which, very often, makes use of existing data
to make predictions and assumptions.

It is therefore very important to develop methods to integrate heterogeneous molecular databases and
their associated tools, and to address the task of data fusion. There are many approaches that try to
solve the problem of database integration in the field of molecular biology databases, ranging from
theoretical approaches to running systems.

This part of the work is dedicated to investigate briefly the principles behind molecular biology
database integration, especially the requirements and obstacles in the context of molecular biology
database interoperability. A short but (hopefully) representative list of existing projects dealing with
integration of molecular biology data sources is presented.

4.1 Introduction

“The biology community is a distributed on€ [6]. Each area generates its own data and information
source. As a consequence a range of specialist analysis and query tools is available, each typically
associated with a particular database and its format.

Molecular biology databases have different structures, contents, and query languages. Analysis tools
have no common interfaces and often work on a limited subset of the data. Usually these tools are
complex to use and poorly documented.

Many biologists still query many different stand-alone resources. As a consequence, several non-
trivial tasks — such as e.g. identifying relevant sources, communicate with and query different databases,
transforming data from different formats, etc. — have to be carried out by the biologists. Additional,
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biologists have to handle several different user interfaces, each with its own capabilities of data re-
trieval. All this limits the use that can be made of the available information.

To address this problem there are many research groups working on the integration of molecular
biology database.

Currently, molecular biology database interoperation is based on interactive navigation through hyper-
text links. Each molecular biology database tries to provide cross references to other databases. But —
as [39] stated — “interoperation based on declarative queries to multiple network-accessible databases
will support analysis and investigations that are orders of magnitude faster and more powerful than
what the WWW supports using point-and-click navigation” .

As a consequence, there is a need for an integrated database infrastructure with powerful and declar-
ative query capabilities.

4.1.1 System Requirements

A powerful system for molecular biology database interoperation is urgently needed to adequately
make use of the existing knowledge in the domain of biology. But how should such an infrastructure
look like? What are its requirements? What does the term “powerful” mean in this context? These
gquestions are hard to answer, but we try to give a (possibly incomplete) list of system requirements
for tools supporting the interoperation of molecular biology databases.

System Interaction. First of all, it can be stated that such a system is to be used by biologists.
Following [39], this usage mainly consists of:

e general browsing: e.g. it should be required that the data is classified into hierarchies which can
be browsed;

e seeking: particular information should be seekable through simple interfaces;
e complex querying: the user should be able to perform complex queries;

e analysing data: the system should provide sophisticated and standardized tools for (computa-
tional) data analysis;

e updates: biologists should be able to add newly produced data;

System Requirements. Ignoring the update problem, the previous thoughts on system interaction
lead to the following (possibly incomplete) list of system requirements. A molecular biology database
integration system should provide:

e advanced query capabilities including interfaces to express complex declarative multi-database
gueries, simple fixed-form query interfaces, and capabilities to browse the data;

e access to the newest data (updating of the member databases should occur about every day);

e transparent access, i.e. that users should not be required to know of the existence, the location,
the access mechanism, and the contents of databases relevant to their query (but it could be
helpful if users have a possibility to choose their favourite databases);
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transformation and merging of data from different source formats;

a transparent schema, i.e. that users should not be required to be familiar with the schema of
each component database they are querying;

capabilities to visualize and analyse data in an adequate manner (this includes standard analysis
and visualization tools);

consistency on both levels of data modelling and data retrieval (see below);

4.1.2 Problems Arising with Heterogeneity

The major problems in molecular biology database integration are the different levels of heterogeneity
and inconsistency. Molecular biology databases are created by such a diverse set of international
groups. Nobody has the power to legislate standards at any single level of abstraction [39]. Such
a legislation would be most likely inappropriate, for the field evolves very rapidly. There are new
relationships between and new properties of biological entities constantly discovered. It is therefore
simply impossible to definthe schema of a specific biological entity or concept.

As a conseqguence, the existing levels of heterogeneity — such as conceptualization (e.g. a representa-
tion for genomic maps), data model (relational, object-oriented, ACEDB, etc.), or query language —
will probably still continue to exist for a long time. Closely related are the problems which arise from

the fact, that biological terms and notions are used in an inconsistent manner by different databases
(heterogeneity at the semantic level).

Conceptual Heterogeneity. Molecular biology database providers frequently design different con-
ceptualizations (i.e. models of the domain objects of interest with relevant attributes and relationships)
of the same domain. For example the conceptualization of a “genomic map” may differ as follows. A
genomic map may be represented allowing “loci” to exist in a total order, or in a partial order. Rep-
resentations may allow loci to overlap or not. This is closely related to heterogeneity at the semantic
level (see below).

Data Format Heterogeneity. As already often stated in this thesis, molecular biology databases dif-

fer remarkably according to their underlying data model and data management system. Data sources
include standard DBMSs (relational, object-oriented) with SQL, OQL, or OPM interfaces, and struc-
tured text files in binary (ACEDB) or ASCII format on top of which indexing is often provided (flat

file repositories)(i20] (see also Chapfer 3.3 and Appentix A).

Query Language Heterogeneity. Several databases have interfaces for their own (declarative) query
language (e.g. SQL, OQL, AQL), even if they do not offer them to the user (e.g. some databases im-
plemented using a relational DBMS do not offer an SQL interface for direct access via the public
interfaces). But several databases do not provide any query language (especially flat file databases).
This fact raises problems when thinking about an interface for complex declarative queries against all
integrated databases.
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Semantic Inconsistency. Naming conventions for data objects differ between databases. The con-
ceptgeneis a prominent example. In GDB (cf. Appendix A.35) it is defined as a DNA fragment
that can be transcribed and translated into a protein. For GenBank (cf. Appendix A.36) and GSDB
(cf. Appendix[A:3B), however, geneis a DNA fragment that carries a genetic trait or phenotype.
This includes non-structural coding DNA regions like introns or promoters. It is clear that there is
a distinct semantic difference between the two notiongesfe But both are used interchangeably
causing misunderstandings and communication problems [63].

Another problem in this context is the complexity of the very notion of biological function. Biological
function may be described at different levels, e.g. the molecular function or the cellular function of a
protein. For an enzyme such as aspartokinase, the molecular function is the catalysis of a given reac-
tion (characterised by several properties), whereas the documented cellular function of aspartokinase
in bacteria is the catalysis of the first step in the common biosynthetic pathway (example taken from
[1]). It becomes more complex because a protein with a given molecular function often is involved
in very different cellular processes. Both cellular and molecular functions of a protein can also vary
with its subcellular localization, the cell type in which it is expressed, or other physiological realities.
The organization and representation of biological function in molecular biology databases reflect the
databases’ primary foci. It is not uncommon that e.g. the molecular function of an entry is described
in the field or table “biological function”, but the cellular function is hidden in another field or table
(e.g. named “comment” ) or misses at all.

Summarizing, the problem of semantic inconsistency is that there are several biological concepts that
could have several different definitions, depending on the perspective of the user. Each definition
makes sense for different groups of users. Rather often, semantic inconsistencies also appear even
within one single molecular biology database.

Solutions? Many researchers (cfl[63],][7], ori71]) suggest, that an ontology may help to conquer
at least the semantic inconsistency of biological terms (semantic heterogeneity). [63] describes an
ontology as “a concise and unambiguous description of what principal entities are relevant in an
application domain and how they can relate to each other”. Thus, an ontology is more intended to
be a collection of controlled vocabulary. This would ensure e.g. a semantically consistent access to
semantically consistent data.

4.1.3 Updates

Molecular biology database integration systems need a regular (approximately daily) update. Biolo-
gists, of course, want and need to access the most up-to-date data.

ASCII flat files are the standard data exchange format. Most databases offer their entire data for
download via the web. The differently structured flat files have to be transformed into the integrated

system’s format. Of course, this should be done automatically by parsing and transformation tools.
But as [67] stated, a fully automated transformation is hard to implement, because of the following

reasons:

e translation procedures must cope with inconsistencies on both the syntactic and semantic levels
within one database

e schemas and flat file formats alter frequently — sometimes unannounced or undetected
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e schema heterogeneities of the data sources may require e.g. to follow transitive relationships
within one or several databases to collect all data for a particular object — this is complex to
implement and therefore time intensive and error-prone

e implementation of parsing tools is time intensive and error-prone

Solutions for these problems have to be discovered or completely new ways of data acquisition have
to be developed. But so far, beside flat files, there is no alternative molecular biology data exchange
format in sight.

4.1.4 Semistructured Data

Another major problem that makes molecular biology database integration a non-trivial task is a prop-
erty of the data. As mentioned above, (almost) all molecular biology databases in their entirety are
available as (ASCII) text files. Therefore ASCII is ttle factostandard of data exchange for molec-
ular biology databases.

Some of these data are completely unstructured (like images, raw text), others are well structured,
and the rest is in between. These “in between” data are almost structured but may be imperfect (i.e.
incomplete), irregular, redundant, or may contain errors. Most of them are implicitly structured, i.e.
they are not explicitly but due to their meaning intrinsically structured. In addition, the data may
evolve frequently. Therefore molecular biology data are good candidates for the semistructured data
modelling approach]2].

Systems for molecular biology database integration should be able to model these semistructured data.
Usually, data models of common DBMSs are not adequate for this task. ACEDB (cf. Chapier 3.3.2)
is more suited to model semistructured data, but this should be no wonder as ACEDB was developed
especially for molecular biology data.

As it has sometimes been noticed, the eXtensible Markup Language (XML) is likely to be a useful
approach to model biological data, especially in the context of molecular biology database integra-
tion. XML is well suited to model semistructured data and data stored in text files. Several other
researchers have already begun to think about and investigate the use of XML in modelling biological
data, especially in the context of molecular biology database integration (see below).

4.2 Classifying the Current Work on Database Integration

In general, when speaking of database integration, one can distinguish between two common ways of
integration:

o A federatedapproach does not integrate the databases physically nor does it impose a common
schema on the member database. The data continues to reside in separate databases but a
software layer makes them act as a single integrated data collection [46].

e A warehousingapproach physically integrates the data from various sources into a single data
source.
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Note: this classification is according to the integration strategy and should not be mixed up with
the concepts of &ederated database systama data warehouseommon in the computer science
database community.

Molecular biology database integration approaches mostly choose the federated approach although
the performance is less high compared to the warehousing approach. The main argument for using

the federated approach is the update problem (see above). Warehousing approaches are more difficult
to keep up-to-date.

In the following we give a more detailed classification of molecular biology database integration ap-
proaches, focusing on its implementation. Accordingto [39], molecular biology database integration
approaches can be classified into several classes. We extend this classification by the class “Theo-
retical Approaches”. Under this name we understand approaches that try to develop ontologies or
standard exchange formats. These approaches are mentioned here, for the sake of completeness and
because of the proposed importance of controlled vocabularies to capture the problem of semantic
inconsistency. A nice review of candidates for data exchange formats in molecular biolagy is [51].
These theoretical approaches usually are not yet running systems that integrate distributed databases.
But they could guide the way to such a desired infrastructure. E.g. the TAMBIS project (cf. Section
B-38) is a promising example for a molecular biology database integration system that is based on an
ontology. Maybe other existing ontologies (many of them are still under construction) are eventually
extended to integrated systems.

The classification is described in the following. We use the term “member database” for a database
which is integrated in a running system.

Theoretical Approaches

As mentioned above, there are approaches to develop standardized exchange formats and ontologies
summed up in this class.

Even in the early years of molecular biology databases, single research groups attempted to standard-
ize the format of the databases (e.0. [28]lor [5]). Current approaches are based on XML to address
the semistructured feature of biological data (see &.g. [72]).

The usefulness of ontologies are already discussed above. It should be mentioned, that an underlying
ontology is also very helpful for a single molecular biology database. A problem regarding ontologies
may be posed by the fact that the definition of a controlled vocabulary — typically done by a group of
experts — is probably critically reviewed or even refused by other experts.

Examples: Ontology for Molecular Biology (OMB) ([63]), Immunogenetics Ontology (IMGT-
ONTOLOGY), XML based standardization approaches such as: GXML (cf. Segtion 7), BSML (cf.
Section4.319), StarDOM (cf. Sectigh 7).

Navigation Through Hypertext Links

This approach provides links between an entry of one member database to an entry of another member
database. Usually it follows the federated approach of integration. Users can interactively navigate
from one entry to the other by traversing these links. Usually, users can only search within one
database to find a starting entry. They can then request to see all linked entries from another database.
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The hypertext links currently used in molecular biology databases are, according to the XML-XLink
[[73] terminology, simple outbound links. More sophisticated hypertext links, and linkbases as defined
in XLink, would significantly improve the “linkage” of molecular biology databases.

Links are generally provided by each member database. In some cases the links are added by the
navigation system. This approach usually yields an information retrieval system which provides fast
indexed access to flat file databases, rather than employing a DBMS.

Examples: DBGET/LINkDB (cf. Section[4.3]2), Entrez (cf. Sectipn 4}3.4), Sequence Retrieval
System (SRS) (cf. Sectign 4.B.7).

Data Warehouses

In a data warehouse a set of heterogeneous databases are translated and physically loaded into a single
database (the data warehouse). For each integrated database a translation from its format and concep-
tualization into the format and conceptualization of the warehouse must be defined. Thus, the concep-
tualization of the warehouse database subsumes the conceptualizations of all member databases.

The data are stored locally in the warehouse database following the warehousing integration approach.
This makes query processing very fast. On the other hand, this approach must overcome the update
problems (see above). In fact, few research institutes have organized their data from different projects

and research teams (within the same research institute) in a data-warehouse-like architecture (e.g.

MIPS, cf. AppendiXAGR).

Example: Integrated Genome Database (IGD) (cf. Secfion 4.3.5).

Multi-Database Querying Systems

Multi-database querying systems usually are federated integration approaches. Users are allowed to
construct complex queries and to perform them against multiple, physically distinct, heterogeneous
databases. A query must explicitly identify both the member database that it uses, and the database
components (e.g. tables and attributes in case of a relational DBMS) that are queried within each
database. Queries can include requests on several databases. This kind of query interface is of course
not very transparent.

Example: BioKleisli (cf. Section4.3]1).

Federated Database Systems

The term “federated database system” has a number of connotations._See [19] for a comprehensive
discussion. It implements the federated integration concept. In general the term denotes a collection
of autonomous database systems which cooperate with each other.

The federated approach does not force member databases to be physically integrated within a central
DBMS. It rather defines interfaces between a central federated schema and the schemas of the member
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databases. Queries are translated from the federated schema to the schemas of the member databases
(in case of relational DBMSs e.g. using views) (¢f1[19] for details about federated database systems).

The approach of federated database systems is a widespread approach within the computer science
community. Several application domains use the federated approach to integrate different data sources
and associated tools. But the bioinformatics community paid only little attention to it. In fact, cur-
rently there is no system for molecular biology database integration is implemented as a federated
database system. There are several reasons for this fact, including (among others):

e Molecular biology database schemas undergo continuous evolutions. Schema evolutions in
federated database systems are problems that are currently investigated. But so far there is no
mature approach to adequately deal with schema evolutions.

o Federated database systems integrate only relational databases. But most database providers
offer their entire data only in flat files.

o A federated database system is complex and costly to implement.

e The complexity of molecular biology databases and the poor documentation is a great handicap
for computer scientists to start research projects in this domain.

The only molecular biology database integration approaches that adopt at least some concepts of the
federated approach is TAMBIS (cf. Chapfer4.3.8) and the OPM multi-database tools (cf. Chapter

A.3.6).

4.3 A Selection of Current Work on Database Integration

We present a short description of current molecular biology database approaches. The selection is

randomly and may represent the most important and best known approaches. The listincludes running

systems as well as theoretically approaches and ontologies. The approaches appear in alphabetical
order. Note once again, that this list is incomplete. There are several other approaches in this research
domain not mentioned here.

4.3.1 BioKleisli

BioKleisli is a system for integrating data from different sources in different formats developed for
molecular biology. It is based on a query language calletfiection Programming Languag€PL).

CPL is implemented considering optimization in a distributed environment. The resulting system is
called CPL-Kleisli. BioKleisli is an instantiation of CPL-Kleisli, which is used to support the Human
Genome Project at Philadelphia Center for Chromosomé22 [20].

BioKleisli is available at the University of Pennsylvanktp://agave.humgen.upenn.edu

Data representation. Data in BioKleisli are represented using the Collection Programming Lan-
guage (CPL), developed for this system. CPL is based on the idea of type orthogonality. Thus its
design is structured around its type system. CPL is not object-oriented. Basic types of CPL include
the common types such as boolean, integer, string, etc. CPL provides set, bag (multi-set), and list as
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collection types. In addition, the CPL type system allows arbitrary nesting of collection types together
with records and variant types. The type is given by the syntax [20]:

7:=bool |int [string |... [{7}H{I7I}{II7II} < li:mi,eeosln e >l Ty e ey ln 2 Tl

were

e {7}, {|7|}, and{||7| } respectively construct set, bag, and list types from the type
o <ly:m,...,l,: m > constructs variant (exclusive) types from types. . 7;,, and

e [ly:71,...,l, : 7] constructs record types collecting objects of types . 7,,.

For each type there are two kinds of primitives: constructors and primitives for decomposition (called
“destructors”). The syntax for constructing values of a type is:

e {v,...,v,} for sets (similar for bags and lists),
e < [ = v > for variants, and

e [l =v1,...,l, =vy,] for records.

Example: A typePublications might be defined as in Figufe #.1. An exemplary fragment of data
conforming to thePublication type is shown in Figurg4.2.

Publications = { [title: string,
authors: {] [name: string,initial: string] [},
journal: <uncontrolled: string,
controlled: <medline-jta: string,

iso-jta: string,
journal-title: string,
issn: string»>

volume: string,

issue: string,

year: int,

pages: string,

abstract: string,

keywd: {string}]}

FIGURE 4.1: Example type Publications in CPL notation (taken from [200])

The type system of CPL (which is slightly richer than described here) is able to express most common
data formats including those that contain object identities and arrays [20].
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{[title="Structure of the human perforin gene”,
authors={||[name="Lichtenheld”,initial="MG"], [name="Podak”,initial="ER"]
journal=<controlled=<medline-jta="J Immunol”>>,
volume="143",
issue="12",
year="1989",
pages="4267-4274",
abstract="We have cloned the human perforin (P1) gene ...",
keywd={"Amino Acid Sequence”, "Base Sequence”, "Exons”, "Genes,
Structural”}] ...}

2

FIGURE 4.2: A fragment of data conforming to the Publication type as defined in Figure .1
(according to [20])

The simplest primitive for decomposition are records which use field selectiomp.aughors. De-
composition of variants is incorporated in a user-friendly syntax by pattern matching{(see [20] for
details). For collection types so called monad operations are used. These monad operations are the
basis of CPL's implementation language NRC (Nested Relational Calculus)(see [10]-and [12] for
details on monad operations and NRC).

An example of a simple CPL query is given accordingo [20]:
[title = p.title, authors= p.authors] | \p <« DB

The query extracts the title and authors from a datalX3eNote the use ofp to introduce the
variablep. It is bound to each element of the &B.

Note, that CPL supports first-class and even higher-order functions. CPL can additionally be extended
with a reference type to query databases with object identity (ACEDB, ooDBMS).

System architecture. CPL is implemented on top of a query system calgeisli, which is written

in SML [b4]. Kleisli is extensible in the sense that it does not depend on CPL. The CPL module of
Kleisli can be replaced by a module that supports another high-level query language. The system with
the CPL-module is called CPL-Kleisli.

The CPL-Kleisli system consists of two main components, as shown in Higuire 4.3 by the dotted line.
The first component provides high-level language support and consists of:

e the CPL-Module: provides parser for CPL programs and translates them into NRC (It is imag-
inable to replace this module by a SQL- or OQL-module);

¢ the Type Module: contains routines for type unification as well as inference and implements a
parametric type system that supports record polymorphism;

e the NRC-Module: provides expression manipulation routines, which are heavily utilized by the
optimizer module, as well as routines for compiling NRC expressions into program calls to the
Complex Object Library (see below);
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FIGURE 4.3: Architecture of the BioKleisli system (taken from [20])

o the Optimizer: consists of an extensible number of phases, each of which consists of a rule base
and a rule application strategy.

The second component is the query engine and consists of:

o the Data Driver Manager: provides an environment for managing data drivers for external data
sources.

o the Primitive Manager: provides an environment for managing primitives defined within CPL
(macros) as well as primitives imported from external systems;

e the Complex Object Library: provides routines for the manipulation of sets, bags, lists, records,
and variants, and forms the core of the query execution engine.

A query submitted to CPL-Kleisli is first processed by the CPL-Module, which translates it into an
equivalent NRC expression. The NRC expression is analyzed by the Type Module to infer the most
general type for the expression and is then passed to the Optimizer module. Optimized, the NRC
expression is then compiled by the NRC Module into calls to the Complex Object Library. The query
is executed, accessing data drivers and external primitives as needed.

Capabilities of data retrieval. BioKleisli is a instantiation of CPL-Kleisli, developed in 1994 for
the Human Genome Project community. It can be accessed via:
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1. Fixed-form query interface: a number of multi-database views are provided through a graphical
interface. These views are stereotyped parametrised queries which fire off CPL queries using
the input parameters specified by the user.

2. Ad hoc query interface: CPL is a query language that provides a syntax closely related to the
relational calculus. The developers of CPL call it compact and complete especially for working
with deeply nested complex data types.

Further information about the fixed-form query interfaces of BioKleisli can be found-in [20]. A
graphical user interface set called BioWidgets additionally provides tools to visualize the results of
queries (e.g. a genetic map together with annotated sequences can be browsed by the BioWidgets
tools).

Discussion. Data representation in CPL-/BioKleisli is closely related to the semi-structured ap-
proach of data modelling with XML.

Querying BioKleisli with ad-hoc CPL-queries is not transparent because the user must explicitly iden-
tify the databases which should be used and the database components (e.g. tables and attributes in case
of a relational DBMS) which are queried.

4.3.2 DBGET/LInkDB

DBGET/LInkDB is an integrated database retrieval system provided by the Japanese GenomeNet
service. Itis used as the web interface of the databases at GenomeNet, such as e.g. KEGG, accessible
at: http://www.genome.ad.jp

Fundamentals. [Z6] states that common computer science approaches in database integration —
such as converting data from different sources into a unified schema — have not been practical to cope
with a large number of databases with continuous format changes. As molecular biology databases
undergo continuous data format changes [26] suggests to integrate molecular biology databases at the
level of entries, rather than the level of fields that form an entry. This approach is implemented in
DBGET/LIinkDB. It is supported by the efforts of the molecular biology database providers: They ex-
plicitly enter cross-reference information of related entries in other databases into their own database.

The DBGET/LinkDB system links different molecular biology databases. The concept of a link in
this context is very important. There are two general classes of links in DBGET/LinkDB:

¢ links provided by the original databases (also called direct links);
e computed links, subdivided into:

— neighbors and similar entries: computed by similarity search programs;

— indirect and reverse links: computed by using the direct links; (an indirect link is a link
between two entries that are linked via at least two direct links; a reverse link is a link
reverse to a direct link)

DBGET/LIinkDB intends to compute and provide both kinds of links. Currently, not all similarity
links are computed and integrated with direct, indirect and reverse links.
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[76] describes the characteristics of the system as follows:

1. distributed databases are integrated with a transparent interface;
2. manipulation of flat file databases is done at the level of entries;

3. other (e.g. local) databases can be integrated, links to other databases (outside DBGET/LinkDB)
are provided,;

4. two different interfaces are provided (a web interface for fixed-form queries and a UNIX-like
interface for free-form queries);

System architecture and data representation. The DBGET/LinkDB system consists of three pack-
ages:

e DBGETCclient (also called NetDBget) provides the UNIX interface;
e DBGETserver maintains the databases locally;

o WebDBGETserver provides the web interface;

DBGET/LinkDB has developed an interesting approach of data representation: In general, a database
is treated as a collection of entries. These entries may be stored in a single or multiple flat files. Flat

files are defined as text files or multimedia files (such as e.g. GIF files). Each entry of a database (or
more abstract: of a file) is identified by a unique identifier:

database : identifier

DBGET/LinkDB retrieves all direct links and derives the computed links. All links between related
entries are stored in the LinkDB database. These links are represented as:

dbl:idl1— db2:id2

This approach is independent of the structure of each entry. The databases are used as they are, there
is no conversion of data formats.

In order to accomplish rapid access and search of entries, some auxiliary files are created. This is
done by a program callesequnevduring each update of the system. The auxiliary files are either flat
text files or hashed by the GNU database manager lilgdiyn A C++ class library was created for
parsing a wide variety of database formats.

DBGET/LIinkDB is able to integrate both local and network flat file databases. The network config-
uration of distributed databases is defined in an auxiliary file callgdh This file contains a table
with the following format:

database dbtype dbsite
name of the databadeformat of the database location of the database
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The database format column provides the information which parsing program to use. The location of
the database may be the address of another server or a local directory.

DBGET/LIinkDB is available as a system for local installation or via the web (server at GenomeNet,
see above)

Capabilities of data retrieval. DBGET/LinkDB provides the following query interfaces:

1. Fixed-form query interface: this interface is web-based and provides keyword search against a
predetermined database.

2. Free-form query interface: this query interface is provided by local installations. The DBGET/
LinkDB can be searched via a UNIX shell using a home-made query language. This query
language consists of only five commands (cf] [26]).

There are no capabilities to browse through hierarchies. The entire integrated amount of data cannot
be downloaded as flat file(s).

Discussion. DBGET/LInkDB is an integration approach providing links between entries of the
member databases. It does not address the problems of heterogeneity. There is no underlying on-
tology used for keeping the data consistent. Query interfaces are limited to simple fixed-form and
keyword queries. There is no powerful-hoc query language accessible via the web (only available

for local installations).

The query interface is also not transparent. The user must identify the relevant source to perform an
initial query.

4.3.3 EBI's Approach Using CORBA

The European Bioinformatics InstitfitéEBI) developed an approach to molecular biology database
integration using th€ommon Object Request Broker Architect(CORBA) [31].

Biologists use several different hardware and software platforms, operating systems, DBMSs, and
programming languages. CORBA isda facto standard that offers the opportunity to make such
differences transparent and helps to combine heterogeneous data sources and application programs
[38]. It is a standard for defining interfaces and invoking methods through them. With the use of
CORBA data sources and application programs interact through interfaces which hide the underlying
implementation details. For an introduction to CORBA see éj. [64].

The two main concepts of CORBA are the specification of:

¢ theInterface Definition LanguagéDL), which provides a language-independent way of de-
scribing public interfaces, and

¢ theObject Request Brok¢ ©ORB), which transparently transmits requests from clients to object
implementations.

thttp://www.ebi.ac.uk
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Once an interface for a distributed object is defined in IDL, any client can use it depending only on
that public interface of the object.

To develop the interfaces of objects it is often reasonable to carry out a use-case analysis. The resulting
interface of an object can have strong similarities to the conceptual model and also to the database
schema of the object but the three data models should not be confused. The conceptual model should
model the data as they really are. The IDL interface is independent from implementation details but
it represents an application specific view. The database schema is specific to the used DBMS (e.g.
relational or object-oriented)138].

In general, databases currently do not provide CORBA interfaces to their data. As a consequence, a
wrapper which implements IDL interfaces is needed. The EBI developed and implemented several
CORBA wrappers for databases such as EMBL (cf. Appendix]A.28) and RHdb (cf. Apgendix A.94)
as well as for several applications (analysis tools).

4.3.4 Entrez

Entred is an integrated database retrieval system for molecular biology databases. It was developed
at the National Center for Biotechnology Information (NCBI). Entrez provides access to nucleotide
and protein sequences as well as to the literature. It can be accesistp: Afwww.ncbi.nim.

nih.gov/Entrez

A CD-ROM package containing data and software is also available, issued six times per year.

System architecture and data representation. Entrez is introduced consisting of different worlds,
each containing data records. The worlds in Entrez include:

¢ Nucleotide Sequences (DNA sequences with annotations)

e Protein Sequences (amino acid sequences with annotations)

e Three-Dimensional Structures (protein structures)

e Genomes (chromosomal and mapping information)

e Taxonomy (classification of nucleotide and protein sequences according to their organism)

e PopSet (set of aligned sequences resulting from dedicated studies, representing events such as
evolution and population variation)

e PubMed (bibliographic records from MEDLINE)

Each world has a different notion of similarity.

Integration consists of cross-references provided as hypertext links to data within one world and to
data in other worlds. After an initial query is completed, the user can follow these cross-references to
related information. Cross-references include:

e “Neighbors”; computed links based on the worlds’ notions of similarity

2All information about Entrez was acquired frcmttp:/Awww.ncbi.nim.nih.gov/Entrez and [65].
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e “Hard Links”: links already existing in the member databases

Similarity links are computed e.g. using the BLAST program to find local sequence alignments (in
the DNA and Protein world). The entire sequence databases are compared against themselves in this
way.

System architecture and data representation. All data from the integrated databases are stored
locally. Each data item (entry) is represented in ANSI1 [5] format. Thus, the data from different
sources are converted into ANS.1. The integration of all entries in the member databases is done via a
so-called Integration Database (ID). Each entry is referred to by its unique identifiers stored in the ID.

For further information see [65].

Capabilities of data retrieval. Entrez provides a fill-in form to perform keyword search or express
simple boolean queries (using AND, OR, and NOT). In addition, a more complex fixed-form-query
interface is provided where the user can specify the data fields to be queried. Each category of the
Entrez world has its own fixed-form query interface.

There is naad hoc query interface.

Discussion. Entrezis anintegration approach providing links between entries of the member databases.
It does not address the problems of heterogeneity. There is no underlying ontology that keeps the data
consistent. Query interfaces are limited to simple fixed-form and keyword queries. There is no pow-
erful ad-hoc query language.

The query interface is also not transparent. Though the user do not need to identify the relevant data
sources for a query, the world in which the first query is answered must be identified.

Nevertheless, Entrez is a commonly used system in molecular biology, offering access to a great part
of available biological information.

4.3.5 The Integrated Genome Database (IGD)

The Integrated Genomic Database (IGD) is an international project to develop an information manage-
ment system for human genome researchers which interconnects existing molecular biology databases
and analysis tools in a data warehouse. IGD is an international project which now seems to be given
up. The URL of IGD which is provided by several survey sites is a dead-end.

The following information about the IGD approach of molecular biology database integration is re-
trieved from:http://www.ai.sri.com/pkarp/mimbd/94/abstracts/ritter.txt

and

http://iwww.igd.fhg.de/archive/1995www95/proceedings/posters/18/

IGD is designed as a network system based on a client/server architecture. With regard to the origin
and scope of data, the system can be subdivided into three levels:

e resource databases which contribute data

¢ target database servers which manage the integrated data
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¢ front-end clients which manage data locally to the user

Data from the IGD resource databases, called Resource End Databases (REDs) are periodically
collected, reformatted and exported to several IGD servers, or target databases, called Target End
Databases (TEDs). All TEDs have the same conceptual schema, but may differ in the physical imple-
mentation.

Two versions of IGD were/are implemented using the relational DBMS Sybase and ACEDB as
DBMS. The DBMSs are used in a complementary manner which combines the strengths of each
system.

All the IGD servers contain more or less the same data (under weak consistency constraints), and
all data are read-only for end users. New data generated at the end user (client) site are forwarded
(in appropriate format) to the relevant source databases using the usual submission channels for the
database in question.

Users interact with the IGD system through a set of locally installed “Front End” tools. The most
important parts of the front-end IGD are the local database manager and the interfaces to communi-
cation and analysis. Users can query the IGD servers and download the resulting data into their local
database, where it can be manipulated and analyzed. Private data and analysis results may also be
deposited into the local database.

Local front-end IGD databases provide read-write access for local users. In their local database,
biologists can annotate and edit retrieved public data, and link it with their local experimental data.
Thus experimental data can be kept in their public context. The IGD local database is implemented
using the ACEDB genome database software, and has identical schema to that of the IGD target
databases.

Discussion. The IGD data warehouse is probably not in use any more. Thus, itis difficult to evaluate
this approach.

In general, it can be stated, that the data warehouse approach is surprisingly frequentin use to integrate
molecular biology data sources within a research institution. Those data warehouses integrate only
small parts of the existing biological data (usually only the data which is acquired within the project

or research institute) and reflect the primary foci of the projects or research institutes. An example is
the MitBASE (cf.[A.64) database, which integrates mitochondrial DNA data from different species.

Currently there is no system implemented as a data warehouse, that integrates general, heterogeneous
molecular biology sources.

4.3.6 The OPM Retrofitting and Multi-Database Tools

The Object-Protocol Model (OPM) is an extended object model developed for biological database
applications. Details about OPM are described in Chdpter 3.3.3and [16].

The authors of OPM also developed the so-called “OPM data management tools” for creation and ac-
cessing databases using OPM, constructing OPM views of existing relational databases and structured
files, and querying databases through uniform OPM viéws [48]. These OPM data management tools
consist among others of so-called “OPM retrofitting” and “OPM multi-database” tools.

The retrofitting tools can be used for constructing and maintaining OPM views on top of existing flat
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files or relational databases that were not using OPM. Constructing such views follow an iterative
strategy [48]:

1. Acanonical (default) OPM view is created automatically from the underlying database schema.

2. This canonical OPM view is refined using schema restructuring operations such as renaming or
removing classes and attributes, merging and splitting classes, etc.

3. A mapping dictionary documents the information regarding the relationship between the OPM
view constructs and the corresponding representation in the underlying database.

The multi-database tools use the mapping dictionary recording the metadata needed for accessing
databases and information needed for following inter-database links.

System architecture. The OPM multi-database tools consist mainlyof [48]:

e A java-basedOPM multi-database schema browsalows browsing the schemas of multiple
databases.

¢ A web-basednulti-database query interfagaovides capabilities of data retrieval (see below).

o A OPM multi-database query processnteracts with database servers for each member database
(see next item). It generates queries over the member databases from the initial queries ex-
pressed in the OPM query language (OPM*QL).

e Eachdatabase serveprovides DBMS specific query translation functions and manage the ex-
ecution of single database queries expressed in OPM*QL.

The tools are implemented in an object-oriented environment using primarily C++, Java and CORBA.

Capabilities of data retrieval. Databases implemented using OPM can be queried through an

hoc query interface using the home made query language OPM*QL having a SQL-like syntax. The
OPM database query tools also provide an interesting query interface that is a mixture of a fixed-form
query interface and a capability to browse through a hierarchy. The user must chose a database and
can browse through the OPM view of this database using the OPM schema browser and identifying
relevant classes and attributes for his request. Thus, a query tree which leaves are primitive attributes
is generated. A fixed-form query form is then created enabling the user to specify query conditions
(keywords that are queried against the leaves of the query tree).

Most likely, the OPM data management tools do not provide flat file releases of the underlying
databases.

Discussion. The OPM system to integrate heterogeneous databases uses a middleware layer to apply
a uniform object model on the member databases. The query capabilities can be transparent in such a
way that the user can chose the databases he wants to query but can also express tradgparent
queries.

The OPM system follows the federated approach. By using (OPM) views to integrate heterogeneous
databases it is closely related to the approach of a federated database system.
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Note that the new generation OPM database management tools are now commercial products of Gene
Logic Incf [46]. They have been used to construct a prototype called “Molecular Biology Database
Federation”[48] that integrates GDB (cf. Appen@ixA.35), GSDB (cf. Appendix]A.38), and GenBank

(cf. Appendix[A.3B).

4.3.7 Sequence Retrieval System (SRS)

The Sequence Retrieval System (SRS)) [24] was designed by the European Molecular Biology Labora-
tory in the early 1990 to support rapid and integrated access to many distributed flat file molecular bi-
ology databases. It is now maintained by Lion Biosci€rared available as a software package (com-
mercial). There are several SRS servers installed on different web-pages all over the world. EMBL, for
example, provides an SRS server. It can be accessed free of changp:&srs.ebi.ac.uk

System architecture and data representation. SRS uses the metadata of each member database

to build searchable indexes for each field in each database and link indexes between all member
databases. As a consequence, cross-references between entries within one member database and
between entries in different member databases are provided.

New databases can be added to local SRS installations. For each added database, SRS must be told
about

¢ the syntax of the entry and the data fields

¢ the logical structure of the database, i.e. the name and the type of the database and its fields, as
well as how to index field contents and links to other databases, etc.

The structures of the member databases are represented by Backus-Naur Form (BNF) grammars.
SRS parses the flat file release of each member database to create the search indexes according to the
database schemas. The representation of the member database schemas using BNF grammars sim-
plifies problems with rapidly evolving database schemas. A flat file structure change of one database

is carried out by changing the grammar for this database schema [14]. The grammars are internally
represented using the so-called Icarus language [36].

Capabilities of data retrieval. The user must determine which data sources are relevant for the
query session. SRS offers several different query interfaces:

1. Fixed-form query interfaces:

e searching a string against all databases

e choosing an index by browsing the data fields of the determined databases and searching
for a string in that field

e searching terms against four different data fields at once via a standard query form
e searching at least one of all common fields by a search term via an extended query form

Shttp:www.genelogic.com
“http:/Avww.lionbioscience.com
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2. Ad hoc query interface:
SRS can be searched using the home-made SRS query language which is based on the Icarus
languagel[36]..

SRS also provides the capability to generate views [14]. Users can identify search indexes to be
hidden in the representation of a query result.

Discussion. SRS is an integration approach providing links between entries of the member databases.
It does not address the problems of heterogeneity. There is no underlying ontology used for keeping
the data consistent. Query interfaces are limited to simple fixed-form and keyword queries. The SRS
guery language has not the power to search directly against all member databases. In addition, the
use of the query language assumes that the user provide knowledge about the format of the database
being queried. This is a complex task because the schemas are not transparent. To utilize the entire
power of the query language, the user must know the format of each member database.

As the user does not need to identify the relevant data sources for a query, the query interface is
also not transparent. A detailed but very complex user manual provides information on how to take
advantage of the full power of the system.

An extension of an existing, local SRS system by adding new data sources seems to be costly. At least
there is a (complex) administrators manual.

Nevertheless, SRS is a commonly used system in molecular biology because many flat file databases
are most conveniently accessible through SRS.

4.3.8 The TAMBIS Project

TAMBIS (Transparent Access to Multiple Bioinformatics Information Sources) is a project which
aims to aid researchers in biological science by providing a single access point for biological infor-
mation sources round the world. The central module is the so called biological Concept Model, a
knowledge base comprising an ontology of bioinformatics terms.

TAMBIS is under development at the University of Manchester and accessitigt@t/img.
CS.man.ac.uk/tambis
A password mechanism limits the load on the local server. An account is free of charge.

Data representation. The ontology is represented using the GRAIL Description Logi¢ [58] that
was originally developed for the modelling of medical terminology for a system to support clinical
user interfaces. A description logic is an isa-based classification system that allows a recursive, com-
positional model to be built from terms and binary relations [6].

GRAIL models application domains in terms of concepts (classes), roles (relations), and individuals
(objects). Concepts and roles are called terms. Compositional concepts can be built up using recursive
term constructors. All roles in GRAIL are bi-directional.

The GRAIL model of TAMBIS consists of three parts:

e Assertions: the model contains a collection of elementary concepts which cannot be decom-
posed further.
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e Operations and Reasoning Services: GRAIL provides a collection of operations which allow
the construction of compaositional concepts and roles. Each concept is classified to determine
the precise hierarchical position.

e Sanctions: GRAIL provides rules (called sanctions) to restrict the construction of complex
concepts to only those that are semantically meaningful. These rules dictate which roles may
legitimately be applied to which concepts. A composition is not allowed unless it is explicitly
sanctioned. But sanctions represent the possibility of composition, not its necessity.

GRAIL supports multiple inheritance. Thus, classification in the description logic is different from
traditional classification in a tree-like structure. GRAIL is more flexible (concepts can be classified
with many parents) and as a consequence, it supports multiple views of the same doncept [7]. Sanc-
tions are also inherited.

By combining existing concepts to create compositional concepts is a very powerful and flexible
approach. A large number of concepts can be created from a relatively sparsely populated model.
A GRAIL model is not a static tree, but should be considered as a resource that can be queried by
applications({7].

In TAMBIS the biological Concept Model is used to (cfl [6]):

describe the metadata of the underlying data sources, representing an over-arching universal
schema

express queries in the modelling language

drive a GUI for query formulation

mediate between the various data sources by exploiting the biological concept hierarthy (

System architecture. TAMBIS is designed following the three layer model of a classical media-
tor/wrapper architecture (cf. Figure 4.4).

Layer 1 consists of the Concept Model — i.e. the knowledge base of biological terminology — and
a knowledge driven user interface. The user can combine terms from the Concept Model to form
declarative, source independent queries.

Layer 2 is a mediator that identifies the eligible sources (Source Model) and rewrites the query to a
series of source dependent ordered procedures (query transformation module).

Layer 3 consists of external sources wrapped with a consistent structural model (query execution).

Capabilities of data retrieval. TAMBIS provides a completely different approach of data retrieval
compared to most other molecular biology databases and database integration systems. There are
no ad hoc or fixed-form query interfaces. At first sight, data retrieval looks like indirect browsing a
classification. But it is rather different.

TAMBIS provides a knowledge-driven, form-based graphical user interface (GUI). Via the interface,
the terminological model can be viewed, and the user is guided in query formulation and manipulation.

A query is formulated and manipulated as follows: The user browses the model to identify a concept
of interest based on which a query should be formed. A Query Manipulation tool provides the user
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FIGURE 4.4: TAMBIS three layer, mediator/wrapper architecture [6]

with more information about the concept, especially all legitimate criteria that can be applied to the
concept. (This is also called specializing the concept.) The user may choose one or more of those
criteria to construct the query. E.g. the concemitif may be specialized by the criterigCom-
ponentOfProtein. The querymotif isComponentOfProtein corresponds to the English expression

“find all protein motifs” [6].

A query can be manipulated by adding or removing criteria, or by replacing terms with more special-
ized or more general terms. More details about the TAMBIS query interface and query processing can
be found in [55]

Note that in TAMBIS the term concept is interchangeable with the term query. Constructing a concept
within the model (i.e. a description of what the user wants) means constructing a query (“find all things
that fit to the description”).

In GRAIL queries are expressed declaratively and source independent. Layer 2 of the TAMBIS system
(see above) plans query execution and translates a GRAIL query into a CPL (Collection Programming
Language as described in Sectjon 4.3.1) program. Details about query translation can belseen in [6].

Discussion. TAMBIS seems to be the most promising approach of molecular biology database in-
tegration. The biological ontology ensures both

e a consistent integration of different schemas without forcing a global schema and
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e a consistent query formulation process.

The user interface of TAMBIS is very transparent. The user is freed from managing and executing all
tasks listed above in the context of transparency.

A great credit of TAMBIS is the query interface. Common query interfaces have a big disadvantage:
Ad-hoc query interfaces are powerful but often too complex for biologists, because they usually do
not provide profound expertise in querying a database using a query language. Thus, most users do
not know how to express queries or cannot make use of the full power of the query language. Fixed-
form query interfaces on the other hand are (usually) simple but in return less powerful. Users may
wish to have a special view on the database(s) which is not provided by the interface.

The TAMBIS interface combines the advantages of the two classical alternatives. It is simple in the
sense that the user do not need to provide knowledge about a special query language and its theoretical
background. And on the other hand, it is very powerful, because the user can create own (integrated
and transparent) views on the databases and can even extend existing views by extending the model.

4.3.9 XML Based Approaches
BSML

The Bioinformatic Sequence Markup Language (BSR#nd the BSML Browser and Tools are XML
applications for management, communication, and interactive visualization of genomic data. These
applications are developed by Visual Genomics, Inc. (hnow seemingly renamed to LabBook, Inc) under
a grant from the US National Human Genome Research Institute in 1997. Information about BSML
presented here was gained from the LabBook web-sifietg=//www.iabbook.com

BSML is an extensible language specification and container for bioinformatic data defined using on
XML. ltis intended to serve as a public domain standard in modelling biological (especially genomic)
data. Project data and links can be stored in BSML “documents”. Following the XML philosophy
these “documents” are composed of two distinct sections:

o TheDefinition Sectionencodes the bioinformatic data.

e The (optionalDisplay Sectionencodes information for the graphical representation of the data.
This has several advantages:

e Graphical representation of a BSML document is independent of BSML creation and storage.

e Data are rendered graphically in the BSML Browser providing a dynamic and interactive user
interface.

e Genomic data can be visualized and underlying, linked data sources can be accessed easily.

In addition, this approach supports consistent multi-user access and easy data sharing: BSML docu-
ments can be viewed and transmitted via networks and internet using standard protocols.

SLabBook Inc. http://www.labbook.com
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The BSML Tools of LabBook provide data analysis tools which create new and persistent BSML
output. Some of these tools are commercial, basic applications like a prototype of the BSML Browser
are for free.

Based on BSML LabBook intends to develop an inter-operating bioinformatics infrastructure provid-
ing access to several molecular biology data sources. The BSML language specification can be seen
and evaluated by registered users at the LabBook web-site umitieriwww.iabbook.com/
products/standards.asp

GXML

The Genome-oriented eXtensible Markup Language (GXML) [67] is a markup language, defined
in XML, that can be used to model and exchange genomic data. GXML was developed at Osaka
University to model the special properties of genomic data (See [67] for details).

The GXML DTD (seel[67]) defines several major elements for markup. These major elements include:

e genome: is the root element for a single genome
e contig: contains the nucleotide sequence for a contiguous region of the genome

o feature: contains information on a gene, such as gene name, location, DNA sequence, amino
acid sequence for the encoded protein, and function

e pw: contains information on a specific pathway

e role: contains information about a specific enzyme

To optimize extracting and processing genomic data contained in GXML docunients, [67] introduced a
new query language called Genome-oriented Query Language (GQL), based on XML-QL. A typical
GQL query consists of &/HERElause and £ONSTRUCTIlause. The first clause specifies the
structural elements which are to be extracted or processed. The second clause specifies how the
results will be structured.

In addition, GQL provides an extended genomic view of the underlying datal{See [67]). This view
allows users to form queries using biological meaningful constructs without the need to care about the
implementation of the data in the underlying GXML document.

A prototype system based on GXML and GQL was implemented [67]. A Perl-script extracts data
from GenBank (cfCA-36) and KEGG (df—_Ab2) databases and converts them into GXML documents.
A GQL query processor was implemented in C++.

This prototype shows promising test resulis [67]. Future work will include query optimization (es-

pecially in executing joins), handling update problems, the investigation of the use of XLink and

XPointer to allow more efficient representation of relationships between GXML documents, and the
extension of the GQL functionality by the capability to calculate transitive closlires [67].

StarDOM

Several molecular biology databases (e.g. PDB[CI-]A.75; BMRB[_Ccf.]A.10) use the “Self-Defining
Text Archive and Retrieval” (STAR) formaf[32] to store structural, christallographic diffraction, and
NMR data. Most likely, the STAR format is a standard data format for structural biology data.
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StarDOM is a software package for conversion of STAR files into XML files developed by the Eu-
ropean Molecular Biology Laboratory (EMBL) in Heidelberg/Germany [37]. This allows interactive
navigation of the data by dedicated browsers, as well as easy querying by XML query languages.
These are preferred ways of accessing biological data stored in databases.

The transformation of STAR files into XML is performed as follows [37]:

e the tree structure inherent in the STAR files is unrolled into an object tree structure

o this tree is described as a Document Object Model (DOM [22]) which describes a tree repre-
sentation of XML documents

e this DOM is rendered as XML

StarDOM offers a tool for transforming entire databases, which offer their data in STAR files, into
XML documents. [[37] converted the entire BMRB data set into XML. Using dedicated software
these data can be browsed or parsed. Using an XML query language (e.g. XML-QL), complex (and
especially declarative) ad-hoc queries can be performed against these data.

Discussion

XML seems to be promising in providing constructs for modelling biological data adequately. Biolog-
ical data currently are mostly represented in formated files and often appear as semistructured. XML
is suited to deal with those challenges. Compared to other formats proposed as exchange standard for
biological data such as e.g. ANS/1L [5] (used as data exchange format by Entrez), XML seems to be
the better candidate due to the following reasons. ANS.1 requires strict definitions for all aspects of
the schema. It is difficult to modify the structure of ANS.1 documents without adversely affecting
the operation of tools that operate on thém [67]. The ability to easily define, modify and parse the
structure and content of an XML document are great merits.

Another advantage of XML over other formats is that XML documents are self-descriptive, i.e. in-
formation about the structure of a well-formed XML document can be determined during the parse
processl[67]. Asll67] stated, “this is highly useful fai hoc representations of temporary data, as
might be transferred between genome projects”. Consistency between documents is ensured with the
use of a Document Type Definition (DTD), which defines a set of rules that govern the structure of
the documents.

In addition, XML applications provide powerful data retrieval capabilities. For example XML-QL
and XQuery [74] are powerful declarative query languages. By developing dedicated browsers, XML
documents can dynamically and interactively be browsed. XML was designed for the web. This
makes it predestinated to be the basis for a standard exchange format for molecular biology.

Several approaches picked-up that thoughts. They developed XML DTDs which define modelling
languages for different kinds of biological data. Dedicated tools for browsing and querying that data
are also provided.

Difficulties may arise from the problem to integrate all current approaches in one agreed, XML based
modelling language. But from our point of view, XML is one of the most promising construct to
accurately address the problems of molecular biology database integration.
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4.4 Summary and Outlook

We described here a list of molecular biology database integration approaches. These approaches
were selected to appear in order to cover the whole spectrum of the classification given above. The
list probably includes also the most popular systems.

There are still great challenges to meet and high hurdles to overcome in integrating molecular biology
databases. We described major problems and requirements in this context. Current systems can be
estimated as not mellow yet although there are some interesting approaches.

The semantic heterogeneity of the different data sources is the main problem. Only TAMBIS seems to
deal with this aspect. OPM or BioKleisli both using a middle-layer based on a common model (OPM
or CPL) do as far as we know not deal with semantic heterogeneity. For example OPM renames
classes that have equal terms. This may be desired if both classes are semantically different but
otherwise undesired.

The power of the underlying data model varies between the approaches. OPM provides an expressive
object model but BioKleisli's CPL modelling language is more powerful. Unfortunately we cannot
compare the modelling power of TAMBIS data representation because of lack of information.

The query capabilities of the different approaches are also very heterogeneous. The probably most
user-friendly interfaces are provided by TAMBIS and the OPM system.

Performance evaluations of the different approaches are not provided here. Nevertheless, we refer
to basic thoughts that a warehousing approach will usually answer queries faster than the federated
approach. We want to point out that the performance of the updates should also not be neglected. In
the context of updates a federated approach will usually perform better than a warehouse.

In our opinion, an underlying ontology would greatly support to capture the semantic inconsistencies
within molecular biology databases. XML seems to be a promising approach for adequate modelling
of biological data, because it supports the semistructured data modelling approach.

In addition, we propose that an integrated database system for molecular biology should also provide
dedicated analysis tools. An integration of molecular biology databases and molecular biology data
analysis tools is desired. A current approach that integrates various molecular biology databases with

a large number of analysis tools for biological data is the so called “Biology Workbgfith. The

system uses the Sequence Retrieval System (SRS, see $eciipn 4.3.7) to integrate the data sources. A
collection of CGI scripts perform parsing and converting the input and output of the analysis tools.

A second approach to integrate databases and associated analysis tools which is described above is
defining common interfaces using CORBA as it is done at the EBI (cf. Sdction 4.3.3).

A problem which was not mentioned yet, is which databases should be integrated, and which databases
should not be considered. Although it is not clear, it is most likely not desirable nor reasonable to
integrate all existing (or as much as possible) molecular biology databases.

But still one of the main problems is that the majority of computer science experts are not well aware
of this application domain.

The molecular biology database integration approaches described above are summarized in Table 4.1
on page83. Only the running systems are compared. The approach of EBI using CORBA is not
evaluated here. The summery focuses on the major requirements mentioned above.

5The Biology Workbench can be accessed via the wehtga://workbench.sdsc.edu/
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CHAPTER 4. MOLECULAR BIOLOGY DATABASE INTEGRATION



Chapter 5

An Emerging Issue: Modelling of
Biochemical Pathways

Molecular biology databases manage primarily data on static aspects of biological entities. Infor-
mation about single instances of these biological entities is available to analyse and predict general
interactions between the entities.

As mentioned previously, molecular biology is interested especially in these interactions. But it is of-
ten difficult if not impossible to evaluate and analyse the huge amount of biological data to investigate
and predict interactions.

A prominent example is the investigation of genetic regulatory systems. Several genome sequencing
projects are leading to nearly complete characterisations of the genomes of diverse organisms. The
expression of genes is not a spontaneous action but is regulated by a complex system of several
genes interacting with each others. It is usually impossible to analyse the tremendous amount of
sequence and expression data to understand these complex systems of gene regulation (also called
“genetic regulatory systems” or “regulatory pathways”) intuitively. A full understanding requires
understanding the quantitative dynamic behaviour of the metabolism.

Computer-based simulation, computation, and prediction would be and already are great benefits to
the investigations of genetic regulatory systems and metabolic pathways.

In this Chapter we provide an overview over current approaches in modelling gene expression (regu-
latory pathways) and metabolic pathways. Both — closely related to each other — are emerging issues
of practical relevance because they play a key role in drug design and gene therapy.

5.1 Biochemical Pathways: What They are All About

One special research topic of molecular biology is the genetic information flow. Each organism stores
the information important for growth, evolution, and reproduction in genes on the DNA. The genes
can be understood as computer programs: the information is kept as linear sequences over a four letter
alphabet. Using the genes as blueprints, dedicated procedures called Transcription and Translation can
assemble proteins (cf. Chapfér 2 for details). The proteins play a key role in growth, evolution and
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reproduction of any organism, since they supervise and carry out all biochemical reactions.

Regulatory Pathways (Gene Expression)

fffffffff Proteins

I nteraction
regulates

Metabolic Pathways

Substrates > Products

FIGURE 5.1: Regulatory and Metabolic Pathways model the following interactions: Protein-Gene
(regulation of gene expression), Protein-Substrates, and Protein-Products (metabolism).

In general, organisms perform thousands of such biochemical reactions. Most biochemical reactions
are successive, i.e. they consist of many complex “pathways”, that are interconnected with each other.
Usually, such pathways represent the successive reactions that transform small molecules into macro
molecules (anabolism) ofice versa (catabolism). The sum of all anabolic and catabolic reactions is
called the metabolism. The reaction pathways within one cell are also called “metabolic pathways”.
As already mentioned above, the proteins direct and control the metabolism.

An important research objective in molecular biology is the regulation of the genetic information flow
and the study (including quantitative simulation, representation, and regulation) of the metabolism.
The regulation of gene expression is mainly based on interactions between genes and proteins and
reactions of genes and proteins. These interactions and reactions are often called regulatory pathways.
The regulation of the metabolism is mainly based on the regulation of gene expression because this
determines whether a protein is present to carry out its particular metabolic reaction and reaction-
specific kinetics.

Regulatory and metabolic pathways are thus very closely related (see also[Figure 5.1) but differ in
their properties and particularities. In this section we will describe the particularities of regulatory
pathways (also referred to as genetic regulatory networks, Section 5.1.1) and metabolic pathways
(Section[5.T]2) from the biologist’s point of view. Related to these issues is the investigation of cell
communication (in eukaryotes) and other (often more organism-specific) pathways like pathways of
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mitochondrial protein import or the coagulation of blood. For all these issues, the term “biochemical
pathways” is often used. Instead we use this term as the superordinate concept of regulatory and
metabolic pathways.

5.1.1 Regulatory Pathways: Regulation of Gene Expression

A representative prokaryotic genome consists of about 4 000 genes whereas the number of genes
in the human genome is estimated to be around 100 000 [45]. Usually, in prokaryotes as well as
in eukaryotes only a small fraction of all these genes are expressed at a certain state (time step).
The proteins encoded in the genes all have to carry out different tasks. As the synthesis of proteins
consumes a lot of energy, regulation is indispensable: the cell synthesises only those proteins that are
needed for the particular tasks performed at the moment. This ensures that the cell utilises its energy
in an optimal way. The frequency of expression called “expression level” of genes is an important
unit of measure. Some gene products are permanently needed, e.g. proteins acting as enzymes in the
central pathways of the metabolism. The genes encoding those proteins are also called “housekeeping
genes”. Their expression level is nearly constant. The expression levels of the other genes increases
and decreases as a result of reactions on molecular signals and stimuli. An increase of the expression
level of a gene is called “induction” of the gene, whereas a decrease is called “repression”.

In fact, some genes are regulated as a unit. These units are called “operons”.

Genetic Regulatory Networks

In Chapterf2]5, we have described the mechanism of gene expression and protein synthesis. The
procedure of gene expression can be regulated at several stages. Apart from the regulation of RNA
processing, translation, and the post-translational modification of proteins, the regulation of DNA
transcription is the best-studied mechanism [45]. All steps of regulation are carried out by proteins
or mRNA produced by other genes. The result is a genetic regulatory network that is structured by
complex systems of biological interactions between DNA, RNA, proteins, and other molecules. Figure
b2 shows an exemplary regulatory network consisting of three genes. The regulatory mechanisms
follow the basic principles described below (“Some Basic Regulatory Principles”).

The state of genetic regulatory systems such as the system shown in[Figure 5.2 depends on the con-
centrations of its regulatory components (proteins, mRNA). For example, pidteimy regulates

the expression of gerewhen it is present. In practice, it depends on the concentration of ptein
whether it regulates the expression of gane

Genetic regulatory systems usually provide so-called positive and negative feedback loops. This is
important because only feedback loops (especially negative feedback loops) ensure that the systems
will not get out of controal, i.e. that the expression of specific genes must be cancelled after being
accelerated, or the expression level of the “housekeeping genes” must be kept constant. Some systems
— especially those modelling the interactive regulation of only few genes — reach a steady state, i.e.
a state in which the genes are no longer expressed. Computer-based dynamic modelling of such
regulatory pathways aim at simulating the system until it reaches a steady state.
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FIGURE 5.2: Example of a genetic regulatory network consisting of three genes. The different steps
of the protein synthesis (translation, RNA modification, transcription, protein modification) are not
represented. Only the basic interactions between genes and regulatory proteins are shown.

Some Basic Regulation Principles

The regulation of transcription is carried out by protein-DNA interactions. A special enzyme (called
“RNA-Polymerase”) binds to a specific sequence of the DNA, the so-gaitadotor, and initiates the
transcription. All promotors usually have a common sequence, the so-called “consensus sequence”,
being the optimal sequence for the interaction of RNA-Polymerase and promotor.

A first regulation mechanism mutates one or more base-pairs of the DNA so that the promotor se-
quence is no longer exactly equal to the consensus sequence. This decreases the functionality of the
promotor and thus the value of the expression level. Many housekeeping genes are only regulated by
this mechanism.

A second regulation mechanism is based on the influence of regulatory proteins on the interaction
between promotor and RNA-Polymerase. Those proteins usually act as repressors (inhibiting the
interaction between promotor and RNA-Polymerase), activators (advancing the interaction between
promotor and RNA-Polymerase), or other factors (changing the specificity of the RNA-Polymerase

for a special promotor). The proteins bind to specific locations close to the promotor on the DNA and

provide a negative or positive regulation. The regulation may be mediated through a molecular signal
causing the regulatory protein either to dissociate from the DNA or to bind to it.

There are several other regulatory mechanisms but they are too complex and too specific to mention
here. Especially eukaryotes provide further mechanisms of gene regulation_See [45]l and [53] for
further details.
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Example: A Phage Infection of E. coli

The control of gene regulation in the bacterilin coli is one of the best understood systems in
molecular biology [33]. We described in Chapfer 2.4.2 that cell parasites called viruses can infect a
host cell, i.e. that the genetic information of the virus is inserted into the DNA of the host cell because
viruses do not have the ability to reproduce their genome on their own.

One of the best studied and thus most frequently modelled genetic regulatory system is the infection
of a hostE. coli cell by a virus called\ phage. We will briefly outline the regulatory pathway of this
infection because many simulating approaches take it as a test bed. More details can be found in e.g.
[63] or [45].

After infecting ank. coli cell, phage\ either propagates as a so-called prophage (lysogenic cycle) or
becomes an actively replicating virus (lytic cycle). The decision which cycle to enter results from a
complex interaction between the proteins encoded by two genes chbedcro. Each gene product
acts as inhibitor of the synthesis of the other one.

Lysogenic cycle. The DNA of phage\ is integrated in the genome of the host cell. A high concen-
tration of the product of a gene callet activates the expression of by stimulating two promotors
calledp; andprg. The product of genell inhibits the expression of genes that would start the lytic
cycle.

Lytic cycle. The lytic cycle is divided into several stages. The first step is called very early stage.
Transcription starts at several promotors including pr, andp’, respectively, producing several
proteins, among which are also the importahtand Cro proteins. A high concentration of protein

N starts the second stage called early step in which further regulatory proteins are expressed. These
further proteins stimulate the synthesis of viral DNA. T&® protein acts as negative feed back loop

to regulate the expression of the viral DNA. At the end of the cycle (called the late stage) huge amounts
of structural proteins are expressed which are required to build new phages. Beside this, there are also
proteins expressed which catalyse the lysis (the damage of the cell wall leading to cell death) of the
host cell.

The infection ends in a steady state representing either lysogeny or lysis. Detailed information about
the interactions between the according genes, proteins, and promotors can be read e.d.in [45],[53], or
[33].

The X decision circuit controls one phase of a single phage life cycle and operates within a single
E. coli cell. Many genetic circuits have broader scopes. For example, elements of several cells may
be components of a genetic regulatory network that controls the life cycle of different cell types and
cell generations. Symbiotic relations between bacteria and higher organisms require the modelling of
networks that cross species boundaries [50].

5.1.2 Metabolic Pathways

As already described above, metabolic pathways represent successive biochemical reactions that in-
terconvert molecules within the cell.
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Biochemical Reactions

A biochemical reaction is an action where one or more chemical substances are converted into one
or more other substances. The chemical components which are interconverted are called metabolites.
Figure[5.B represents a simple chemical reaction. A so-called subsiraié&igure[5.B) is converted

into a so-called product{ in Figure[5.B). “Converted” means that one or more parts of the substrate
molecule is rearranged or the substrate is split in two products. The inverse action, where two sub-
strates are merged into one product, is also possible. [See [45] for the five general reaction types in
organisms).

The number of atoms on the left side of a chemical
reaction must be equal to the number of atoms on

@ S = P the right side. In fact, there is no chemical reaction
that “consumes” atoms. See e.g. the reaction in Fig-
(b) H,O 4+ 0Oy — H0q ure[5.B of water and oxygen 6,0,. To equalise

the number of atoms on both sides of the reaction
() 2H,0 + O2 — 2H202 | arrow, one must define that this reaction can only
be performed with two molecules of water and one
molecule of oxygen. The result will be two molecules
FIGURE 5.3: (a) graphical representation ofa of HyO5. The so-called stoichiometry of a reaction
typical biochemical reaction. (b) reaction of a describes the minimal amount of each atoms that are
water and an oxygen molecule into HO». (¢) participating. In general, each chemical reaction in
same reaction representing its stoichiometry 5, organism is carried out by an enzyraen( Figure

63).
Biochemical reactions are thus also called enzymatic reaction. In fact, each chemical reaction is

reversible. This is true especially for enzymatic reactions. Thus, the reaction formulas in Figure 5.3
should be written with a%5” instead of a “—".

Enzymes

Enzymes are proteins that carry out biochemical reactions without being consumed.

Common Properties. The enzymes have several common properties:

e Enzymes can accelerate a reaction. The velocity of a reaction can increase by a fagtér of

e Substrate-specificity: Enzymes are very specific to a certain substrate or a certain group of
substrates that are similar in three dimensional structure.

e Reaction-specificity: Enzymes carry out only one of the following types of a chemical reaction
(see [45] for details):
— Group transfer: a part of a substrate is transfered to another substrate.
— Redox reaction: e.g. one H-atom of a water molecule is transfered to a substrate.
— Isomerisation: the molecules and bonds of one substrate are rearranged.
— Split: one substrate is split into more products.
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Reaction Mechanisms. Enzymatic reactions are based on interactions and usually follow two dif-
ferent types of reaction mechanisms [53]:

e One-substrate-reaction: The enzyme (E) converts one substrate (S). The enzyme interacts with
the substrate to build out the (ES)-complex. The enzyme-substrate-complex (ES) is transformed
into the enzyme-product-complex (EP). After that, the product (P) dissociates from the enzyme:

E+S 5 ES S EP S E+P

e Two-substrate-reaction: The enzyme (E) converts two substrates (A and B) into two products
(P and Q). Generally these reactions follow the mechanism of the one-substrate-reaction by
building enzyme-substrate-complexes and enzyme-product-complexes. There are several pos-
sibilities of interaction between the enzyme and the substrates, e.g.:

+A +B —P -Q
E & EA &S EAB S EPQ S EQ S E

As mentioned already in Chapfer 2 the three dimensional structure of the enzyme determines it func-
tion. In fact, a special part of the enzyme, the so-called active site, is responsible for the interaction
with metabolites. Only a correctly folded protein provides a correctly folded active site which itself in-
teracts only with a substrate whose three dimensional structure fits. Sometimes, additional substances
(so-called co-factors) are required to enable the protein acting as desired. In this case the enzyme
alone is inactive. Only a complex based on an interaction of enzyme and co-factor is active. In addi-
tion, there are so-called multi-enzyme-complexes build up from several distinct enzymes carrying out
several specific reactions and providing specificity for diverse substrates.

Regulation

The activity of enzymes must be strictly regulated within the cell to adapt to the cell’s requirements,
since enzymes carry out nearly all metabolic reactions. There are several ways to regulate the activity
of enzymes. We will describe only the very basic principles. An exhaustive discussion will go beyond
the aims of this thesis. For detailed information about the regulation mechanisms of enzymes see e.g.
[45] and [53].

There are two basic ways of regulation of the enzyme activity:

e The activity of an enzyme depends on the concentration of the enzyme itself. The concentration
of an enzyme in the cell is determined by gene regulation (see “Regulatory Pathways”). This is
an important intersection of metabolic pathways and genetic regulatory systems.

¢ In addition, the activity of enzymes depends on the concentration of the substrate(s) and prod-
uct(s). In pathways that consists of several successive reactions, the enzyme activity often is
regulated by the product(s) of a later step (so-called feedback regulation).

The kinetic of enzymatic reaction follows common mathematical laws. We do not describe these laws
here because this is beyond the scope of the thésis. [45]-and [53] provide detailed information about
reaction kinetics.
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Reaction Pathways

To build up complex macro molecules out of small substances, the cell has to perform many successive
reactions. The sequence of these reactions is called a metabolic pathway. For example the sequence
of reactions that synthesize glucose out of pyruvate is called gluconeogenesis-pathway. When we
speak of a pathway we mean that a substrate is interconverted via several steps and several so-called
intermediates into a product.

Cell Metabolism

construction of complex bio—molecules nutriments from the environment

stored nutriments

mechanic, osmotic, and other tasks of the cell sun light

etc. etc.

A

/_\ADP + phospr(_\

anabolism catabolism

NN

simple first-stage substances,H O, £0 |, etc.

FIGURE 5.4: Overview of the metabolism of a cell.

The metabolism of a cell is the complete amount of all metabolic pathways. We can distinguish
between the reactions that build up macro molecules from small chemical substances (these reactions
are part of the so called anabolism) and the reactioees versa(these reactions are part of the so
called katabolism). The anabolism consumes whereas the katabolism produces biological energy.
Within the cell, biological energy is stored in a molecule called ATP. It can be converted into ADP
and a phosphate residue.

In Figure[5.b an overview of the primary metabolism of most organisms is shown. A so-called “ball
and stick map” (undirected graph) is used for representation. Balls are intermediates, sticks represent
reactions. Enzymes as well as co-factors and small molecules participating (e.g. ATP) are not shown.
As one can see, the complete metabolism is a very complex system which is not easy to accommodate.
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5.1.3 Biochemical Pathways

As mentioned above, the term “biochemical pathway” is used in many different ways, most frequently
as the concept of all kinds of reaction pathways in organisms such as e.g. metabolic pathways, ge-
netic regulatory systems, cell communication, and — very specific — the mitochondrial protein import
pathway.

Another frequently used term in this context i
signal transduction All chemical pathways in

organisms providing the circulation of signals
are called signal transduction pathways. In fact,
regulatory pathways as well as metabolic path-
ways are closely related to signal transduction.

In this work we will use the term “biochemical| |1,
pathway” as the concept that integrates regula- |
tory and metabolic pathways.

Regulatory systems and metabolic pathways usu-
ally intersect each other. Consider the following |
example: A gene regulates its own expressior _
by encoding an enzyme that catalyses a reac-___
tion step in a metabolic pathway. The resulting
metaboliteM of that pathway induces the regu
latory action of a proteirP ona.

This simple example demonstrates that regula-
tory and metabolic pathways are closely related

and that models should integrate gene regulation

with the metabolism in order to understand thgIGURE 5.5 .A ball and stick ”1""" (graph) of pri-
mary metabolism (taken from [3]).

functioning of cells and organisms. (In fact, it
also justifies our definition of “biochemical pathways”.)

5.2 Static vs. Dynamic Modelling

Several genome projects are leading to complete characterisations of the genomes of diverse organ-
isms such as yeadt. coli, C. elegangworm), and man (e.g. Human Genome Project). In addition,
temporal gene expression patterns are currently being obtained for many cell types allowing to get
insight into the complex systems of gene regulation [66].The spatiotemporal expression of genes in
organisms is regulated by a system consisting of a large number of genes and their encoded proteins
connected through a complex network of interactians [21].

The metabolism interconverts a huge amount of big and small molecules. Its regulation is determined
by (among others) interactions between many components and the concentrations of these compo-
nents.

The behaviours of these systems are hard to understand intuitively. Thus, computer-based mod-
elling and simulation of regulatory and metabolic pathways are most likely indispensable [21]. The
computer-based frameworks should be able to use the experimental data on sequencing and gene ex-
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pression available66]. They should also be able to deal with the problem that there is only incomplete
knowledge about most genetic regulatory systems and also many metabolic pathways available.

Static models of regulatory and metabolic systems yield schematic and pictural representations. Static
modelling approaches are not able to deal with time-dependent actions, like concentration changes.
They provide qualitative but no quantitative (except stoichiometric) aspects of the model.

Dynamic models of regulatory and metabolic systems try to simulate the quantitative behaviours of
the systems.

In the following we will describe some current approaches in modelling biochemical pathways. Each
formalism is discussed in the context of regulatory pathways and metabolic pathways.

Modelling and Simulation of Regulatory Pathways. Simulation of genetic regulatory systems is

an important, up-to-date problem: To understand the operation of genetic regulatory systems, one
need to consider several different issues such as non-linear interactions, positive and negative feed-
back loops, crosstalk between pathways, and time delays resulting from mRNA or protein transport.
Understanding the combined effects of these phenomena is often beyond the intuition [66].

Simulation environments should be able to model several different situations of the cell such as devel-
opment and growth, differentiation, and generation of appropriated responses to diverse environmental
stimuli.

In the following when we are in the context of regulatory pathways, we follow two literature reviews

of 2000. These are[21] which is written from the computer science point of view,[and [66] which
evaluates the usefulness of each approach to model regulatory pathways more from a biologist's point
of view.

Modelling and Simulation of Metabolic Pathways. Modelling of metabolic pathways is closely
related to the modelling of genetic regulatory networks and also a currently emerging issue. Modelling
approaches are used in several different contexts such as among others:

e Static representations are used to accommodate the complexity of the metabolism (see Figure
b.3) and to describe the qualitative aspects, e.g. for teaching and learning.

e Static representations are also used to advance the usefulness of similarity search results. Pre-
dicting the unknown function of a sequeng@eriving from an organisry, the most common
way is to search a sequence databasé& fdrhe resulting predictions would be more accurate if
they were seen in the context of the metabolism. Let the predicted functi®methe enzyme
of a special metabolic pathwdy. It would stabilise this prediction if the other enzymes in this
pathway would be also present@n If not so, it indicates thaD cannot perform the pathway
P and the prediction of the function &fis at least questionable.

e Dynamic simulations are used to calculate the concentration rate chances and predict the be-
haviour of entire cells.

See [41] for a summary of application areas and challenges.

Knowledge representation formalisms and simulation environments should be able to model biochem-
ical reactions, their components such as enzymes and metabolites, and (in case of dynamic modelling)
the according reaction kinetics.
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5.2.1 Databases on Genetic Regulatory Systems and Metabolic Pathways

Several molecular biology databases provide data on regulatory pathways such as among others
KEGG (cf. Appendix[A5R), RegulonDB (cf. Appendix”A]93), EcoCyc (cf. AppendixX A.25), or
00TFD (cf. AppendixA-73). These databases explicitly model data on regulatory pathways. In
general, these models are static. They can be seen as richly annotated graph representations. Tools
associated with the databases usually offer facilities to compose networks, visualise networks on dif-
ferent levels of detail, and navigate through the networks.

Many other molecular biology databases provide implicit data, i.e. annotations to the core data (e.g.
several entries in GenBank may contain annotations with information about genetic regulation). These
data is usually too difficult to obtain to be a basis of genetic regulation modelling approaches.

Metabolic databases usually describe collections of enzymes, reactions and biochemical pathways.
Some of them focus on one single organism (e.g. EcoCyc, cf. App€ndix A.25), while others provide
data that is not specific to any organism (e.g. KEGG, cf. Appendix]A.52).

All metabolic pathway databases use the EC number system as primary key or search index. From the
biologist’s point of view the EC system has several advantages and disadvantages which are described
in [40]. Relevant for modelling issues are the facts that the EC system provides unique identifiers for
enzyme function but do not cover many types of enzymes in adequate detail.

Another obstacle in the context of naming conventions are the chemical compounds. Multiple names
used for chemical compounds cause confusion as biologists often do not use the naming guidelines
produced by chemists. As a consequence, extensive synonym lists for enzymes and compounds are
indispensable]40].

Databases on metabolic pathways provide static representations of metabolic pathways. Nevertheless,
those databases should provide a kind of dynamic representation: to accommodate the complexity of
the metabolism, it should be possible to browse through different levels of detail of representation and
annotation.

It should be mentioned that similar to databases on regulatory pathways, most other molecular biology
databases indirectly and implicitly provide data on metabolic pathways. Those data is often hidden in
annotations to the core data.

5.2.2 Approaches Based on Graphs

A common way to model biochemical pathways is to use the concepts of directed graphs. A directed
graphG is defined ag7 = (V, ), whereV is a set of vertices and C V' x V is a set of edges.

Modelling Genetic Regulatory Networks. The vertices of the graph usually represent the genes or
other elements of interests in the regulatory system. The edges usually model interactions among the
genes.

The graph representation can be specialised or generalised in several ways. Vertices and edges may be
labelled to express information about the genes and their interactions, e.g. with either + or - to indicate

a positive or negative regulation. The set of edges is defined as a set of iuglds x V' x R, where
R={+,-}.

Hypergraphs are adequate to model situations in which a cooperation of proteins regulate the expres-



96 CHAPTER 5. AN EMERGING ISSUE: MODELLING OF BIOCHEMICAL PATHWAYS

Directed graptG = (V, E, R)

A R = {+7 _}
— V ={4,B;C}
E={(4,B,+),(B,A,—-),(B,C,—),(C,A,-),
- (07 07 _)}
+ -
Directed hypergrapi’ = (V',E',R)
B. ,C

R = {Jrv*}

_ V= {AvB;C}

E'={({B.C}, A, {—,—-}),({A}, B.{+}),
({B’C}’Cv{_v_})}

FIGURE 5.6: Example: Modelling an exemplary genetic regulatory system with graphs (G) and hy-
pergraphs (G)

sion of a gene. A hypergrap@ is defined ag? = (V, E), whereV is again a set of vertices, and

E C p(V) x V a set of multiedges(d(X) = {N | N C X}). Analog to graphs, hypergraphs

can be extended by labelling vertices and edges, e.g. by deffningp(V') x V x p(R), where

R = {4+, —}. This is a common praxis in modelling genetic regulatory systems. The edges are tuples
(V1,v2, R), wereV; represents a set of genes regulating the expressios ahd R represents a set

of signs indicating the regulatory influence (inhibitor or activator) of each eleméntin

A number of operations on graphs can be computed to retrieve biologically relevant information and
to make predictions. Those operations include among othérs [21]:

e searching for paths between two genes;
e searching for cycles in the network;

e computing global characteristics of the network such as the average and the distribution of the
number of regulators per gene;

e searching for loosely connected subgraphs;

e comparing two graphs (e.g. the same networks from different species) for similarities and
differences;

Graph models can also be generalised by probabilistic extensions. These approaches are called
Bayesian networks (see the following section).

Modelling Metabolic Pathways. The most straightforward formalism to represent metabolic path-
ways are graphs and hypergraphs. A pathway can be seen as an annotated directed hypergraph. The
edges represent biochemical reactions and should be labelled with the enzyme name(s). The vertices
are sets of chemical substances, the metabolites. It is also possible that the detailed steps of an enzy-
matic reaction is modelled using graphs. In that case, metabolites, enzymes, enzyme-metabolite com-
plexes, and other objects of the metabolism are modelled as vertices. the edges model the transitions
from one state to the next (e.g. from single-substrate, single-enzyme state to the substrate-enzyme-
complex state).
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In fact, only few approaches use this formalism to represent metabolic data. There are several for-
malisms related graph theory that are developed to model metabolic pathways. Usually these models
are more efficient to implement and include among others:

e Karp’'s “predecessor list'1i42]

e The KEGG model organising metabolic data in terms of binary relations [30]

5.2.3 Bayesian Networks

Bayesian networks are usually only used to model regulation networks of gene expression. The for-
malism of Bayesian networks is based on directed acyclic graphs. As mentioned above, it extends
graph models by probabilistic aspects.

A Bayesian network is defined as[21]:

e A directed acyclic grapli- = (V, E). The vertices € V,1 < i < n usually represent genes.
Each gene corresponds to a random varidflelescribing the expression level of

e Conditional distributiong(X;|ancestor§X;)) that are defined for eackj;, where ancestof;)
is the list of all random variables corresponding to the direct regulataiis @f (i.e. ancestorsX;) =
X;, where(j,1) € E).

Both specify a joint probability distribution

n

p(X) = H p(X; | ancestorgX;))

i=1

A so-called conditional independentyX;; ) | Z) expresses the fact that, givéh X; is independent
of ), where) and Z are sets of variables. The graph of a Bayesian network usually encodes the
so-called Markov assumptiaii.X;; non-descendantX;) | ancestorgX;)) for each genein G [P1].

Two Bayesian networks are defined as equivalent if they imply the same set of independencies. Equiv-
alent networks have the same underlying graphs but may disagree on the direction of someedges [25].

5.2.4 Petri Nets

Another current approach to model biochemical pathways based on graphs uses the formalisms of
Petri nets. A Petri net can be definedR¥ = (P, T, E, W, M), where

e Pisafinitesetofplaces, 1<i<n

T is afinite set of transitions 1<i<n

FEisasetofarcs EC (PxT)U (T x P)

e W : FE — Nis a set of arc weights

My : P — N is the initial marking
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Note thatP andT are disjoint sets.

PN is a graph formed by two kinds of nodes (places and transitions) and directed edges (arcs). A
non-negative integer number (“token”) is assigned to each place and can vary depending on the state
of PN. A positive non-zero integer is assigned to each arc specifying its “weight”.

A transition (“event”) is enabled when the number of tokens in its input places is greater than or equal
to the weights on the arcs connecting the input places to the transition. A transition with no input
places is always enabled. An enabled transition can fire: the number of tokens determined by the arc
weights is deposited in the output places.

The state ofP representing the number of tokens present in each place is called “marking”. The
firing of a sequence of transitions may change the markirB.&8t M, is the initial marking of the
petri net.

Modelling Genetic Regulatory Networks. Ordinary Petri nets (as defined here) allow discrete
modelling of genetic regulatory systems. Places may represent genes and other components of the
system, whereas transitions model the interactions between the genes.

Modelling Metabolic Pathways. The formalism of petri nets is commonly used to model a metabolic
network as a discrete-event system [59]. Places of a petri net would represent compounds participating
in a bio-reaction, such as metabolites, enzymes, co-factors, etc. One place represents one compound
but it is also possible that two or more places represent the same compound according to the physical
attributes or distinct functions (e.g. one place for the in-active form of an enzyme, and one for the
active form). Transitions represent individual reactions or a series of forward reactions (in case that
the intermediary compounds are not of interest). Tokens indicate whether a compound is present or
not and arc-weights represent the stoichiometry of reactions.

5.2.5 Boolean Networks

Another approach which is usually only used to model genetic regulatory networks is the approach
of Boolean networks. The state of each gene is represented by a Boolean variable. This variable
tells whether the gene is active (on, value of the variablg i3 inactive (off, value i®)) and hence
whether the products of the genes are present or not. Interactions between genes can be modelled
using Boolean functions calculating the state of a gene from the activation of other genes. The result
is called Boolean network.

All variables of the Boolean network are represented using a vector case ofn elements in the
regulatory systeny; is an-vector). Each; has the valué or 0 representing whether genés active
or inactive.

The value of the Boolean variablg (called the state of;) at time-pointt + 1 (written z; [t + 1])
is computed by a Boolean functigfy (also called rule). The rulg; computes its output (statg at
time-pointt 4+ 1) from the state ok; < n elements at the previous time-potnfinput). Note that;
may be different for each;.

The dynamics of a Boolean network modelling a regulatory system can be computed as follows [21]:

zi[t + 1] = fi(Z]t]), 1 <i<n,
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where f; computes an output value frokg inputs.

Usually, the transition from one state to the next is determined in a parallel fashion. Translations
between states in a network are deterministic (each Boolean function generates a single output from a
given input) and synchronous in the sense that the outputs of the elements are updated simultaneously.

Several computations that can be performed on a Boolean network, e.g. on its state space, can yield
to predictions and interpretations of local properties for the global dynamics of the network.

5.2.6 Rule-based Approaches

Another approach that is suitable to model biochemical pathways, especially if there is not much quan-
titative knowledge about the system to be modelled, are knowledge-based or rule-based formalisms.

Modelling Genetic Regulatory Networks. In general, rule-based formalisms to model regulatory
systems consist of two componeritsi[21]:

1. A set of facts that express knowledge about the objects of the system. Each object is described
by properties (attributes). The objects are usually structured in a class-hierarchy.

2. A set of rules that are usually stored in a database. Rules consist of two components: First
a condition part expresses conditions in terms of properties of objects. Second an action part
operates on the objects (e.g. changing a property of an existing object).

Modelling Metabolic Pathways. Rule-based formalisms usually model biochemical pathways in
terms of reaction rules. Such a metabolic rulould be defined as follows134],135]:

r=(S,P,EI) where

e S is a multi-set of preconditions representing the substrates of a biochemical reaction,

P is a multi-set of preconditions representing the products of a biochemical reaction,

e F is a multi-set of catalyzed conditions representing enhancers of the reaction, and

I is a multi-set of catalyzed conditions representing inhibitors of the reaction,

A metabolic pathwayP can then be modelled & = (C, R, ¢p) whereC'is a set of configurations,
co is the start configuration, and is a set of metabolic rules.

A rule will be activated if the elements of its componéhare elements of the actual configuration.
The action of a rule will modify the configuration e.g. in the following way [34],-135]: All elements
of the actual configuration that are element$ah » will be removed. All elements aP of » will be
added.

Rule-based simulation is based on the repeated process of matching the facts or configurations against
the condition parts of the rules. If the conditions of a rule are satisfied the action part of the rule is
carried out. Some conflicts that arise when several rules match at the same time have to be resolved
by a dedicated control strategy determining the order in which the rules are evaluated. Those control
strategies vary from simple random selection to complex priority schemes [21].
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5.2.7 Differential Equations

The most widespread formalism to model dynamical systems such as biochemical pathways are differ-
ential equations. In this approach concentrations of RNAs, proteins, metabolites, and other elements
of the system are modelled by time-dependent variables which values are non-negative real numbers.
Interactions between the components of the system are represented by functional and differential re-
lations between the according (concentration) variables. So-called “reaction-rate equations” express
the rate of production of a component within the pathway.

Usually the reaction-rate equations are non-linear, thus an analytical solution of the reaction-rate

equations is not possible. In special cases only, qualitative properties of the solutions can be obtained
[21].

There are currently two strategies to overcome this obstacle: First, the models can be simplified so
that interactions are modelled using a set of piecewise-linear differential equations instead of ordinary

non-linear differential equations. Piecewise-linear differential equations have mathematical properties

that facilitate their analysis.

Second, one can approximate the solutions of non-linear differential equations using numerical tech-
niques. This approach is called numerical simulation. There are several tools that specifically carry
out simulation and analysis of biochemical reaction systems such as GEPASI [52]. Numerical simula-
tion is often complemented by techniques from system dynamics, e.g. so-called “bifurcation analysis”
tools (coming from non-linear dynamics and chaos research) to investigate the sensitivity of steady
states[21].

Modelling Genetic Regulatory Networks. Usually, reaction-rate equations have the form [21]:

dx; q :
;t:fi(af;) i=1,...,n

whereZ is a vector of concentrations of all elements that have a regulatory influence of gedg;
usually is a non-linear function.

Note: Approaches based on differential equations as described here implicitly assume that the reg-
ulatory systems of interest are spatially homogeneous (i.e. there is no input from the environment
of the system and also no output). But these assumptions are not appropriate in some systems such
as systems that model inter-cell communication. In cases where multiple compartments of cells or
multiple cells are needed to be modelled explicitly, more complex differential equations have to be
constructed.

Modelling Metabolic Pathways. Quantitative, dynamic simulation of the metabolism is in general
based on differential equations. We will show how an exemplary metabolic pathway can be modelled
using differential equations:

Consider a simple linear pathway;

V1 v2 U3
S s X s X9 s P
el €o es

where S is the pathway substrate, P is the pathway product are the pathway intermediates, s
are the reaction rates for the individual steps, ang are the enzymes of the according reaction.
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P can be modelled by the following equations:

65 _
ot
21
ot
0%
ot
oP
5t

= V1 — V2
= U2 — U3

U3

In addition, the kinetic relationships can be specified, e.g. using Mass action kinetics [13]:

U1 = kIS —k_1X1 (: Vforward — Ureverse)
Vo = kQXl — k‘,QXQ
V3 = k‘gXQ — k‘,gp

wherek, are the rate constants as determined by the use of Mass action kinetics.
Dedicated tools such as GEPASI[52] can simulate the concentration rakgs §fS, and P.

5.2.8 Simulation Environments for Biochemical Pathways

Several of the current molecular biology databases integrate data on regulation of gene expression
and metabolic pathways, e.g. KEGG (cf. AppengdiX’A.52) or EcoCyc (cf. AppendiX A.25). These
databases are based on static modelling and representation.

Few approaches aim at dynamic modelling and simulating the behaviour of an entire organism. Cur-
rent approaches yield simulation environments that dynamically model the behaviour of simple cells
and viruses. In general, these approaches are based on differential equations. In the following we
will describe three exemplary simulating tools that aim at integrating metabolic simulation and gene
expression simulation. A short discussion compares these tools according to their modelling power
and try to suggest some general thoughts.

Note: In the following, we use the term “target system” for the biological system to be modelled using
the simulation tool.

The E-Cell Project

E-CELL [68] is a generic environment for simulating molecular processes in user-definable models.
It integrates modelling and simulation of diverse cellular processes such as:

e gene expression, and

e metabolic pathways and signal transduction (biochemical kinetics).

E-CELL is a rule-based simulation tool written in C++, that models all aspects of the target system
with differential equations. The model of the target system, which can be defined by the user, consists
of three lists (input files):
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e The “substance list” defines all objects within the target system.
e The “rule list” defines all reactions and their kinetics.

e The “system list” defines the spatial and/or functional structure of the target system.

The state of the simulation system is represented by a list of concentration values of all substances
defined (“substance list”), together with global biochemical values (such as cell volume, temperature,
etc.). The next state in time is generated by computing all functions defined in the “rule list” as
differential equations. For simulation of the model, numerical integration methods are used. These
numerical integration methods are implemented in object classes. As a consequence, the user can
decide which method to use for which equation groups (e.g. all gene expression equations) and also
add a new method by adding an according object class.

The graphical user interface of E-CELL provides functionalities for defining user-specified models,
for interacting with the simulation (e.g. change environmental conditions), and for visualising the re-
sults of the simulation. The latter one is done by displaying the concentration values of each substance
along a time axis.

Testing of the E-CELL simulator was carried out modelling a hypothetical, minimal cell based on the
gene set oM. genitalium the organism with the smallest genome (580kb) kndwnh [68]. The gene set
of M. genitaliumwas reduced to only 127. Only a partial set of metabolic pathwai genitalium

is modelled. The simulating tool produced satisfying results, such as intuitively predicted reactions
on environmental changes, indeed, “under unrealistically favourable environmental condifions” [68].

The tool was not yet tested for modelling regulatory pathways althdugh [68] state that “the software
itself allows the user to write rules for sophisticated gene regulatory reactions”. Complex signalling
pathways are also not yet implemented and thus not yet tested. The authors [68] suggest that the
equations used in E-CELL model signalling pathways accurately and satisfyingly.

The software E-CELL can be obtained at the project’'s homepadmgtpt/www.e-ceil.org

The Virtual Cell

The Virtual Cell of the National Center for Research Resources (NCRR) [61] is a tool for cell biolo-
gists to create models and to produce predictions from the models via simulation. The user can spec-
ify models using biological abstractions. Each model consists of a collection of so-called “species”
(chemical substances), “reactions” (biochemical kinetics), and “features” (geometric information of
the simulation environment). In addition, spatial and environmental information is taken into account
for simulation.

The tool automatically generates code to implement the specified model. All reactions are represented
through differential equations. Numerical simulation is used to solve these equations.

The Virtual Cell can simulate single cell compartments as well as entire cells consisting of several
compartments. The simulator engine consists of two components. The simulation controller is running
together with a database server for storing the user specified models on a UNIX server. The graphical
user interface is implemented as a Java-Applet.

Details of the mathematics and numerical methods The Virtual Cell is using for simulation can be
found on the project’s web site dittp://www.nrcam.uchc.edu/
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BioDRIVE

BIODRIVE [44] is a tool for simulating a user defined biochemical model. Users are able to model
and study the following processes within a single cell:

e gene expression,
e metabolic pathways and signal transduction (biochemical kinetics), and

e cell-cell interactions (multi-cellular functions).

BIODRIVE requires two input files. First, the so-called “rule file” defines the model of the target
system to be simulated, in particular the substances, reactions, and environment of the target system.
Second, the so called “initialise file” defines the initial conditions of the substances and thus the state
of the system at start of simulation.

The simulating tool consists of a simulator kernel and a graphical user interface (GUI). The kernel
translates the “rule file” into the mathematical model. All models — including models for biochem-
ical reactions, gene expression, diffusion, and ligand-receptor interaction — are based on differential
equations. After initialising the model according to the “initialise file”, the kernel computes the equa-
tions and uses numerical integration methods to solve them. The GUI displays the concentration of
substances along a time axis or along a spatial axis.

BioDRIVE was tested successfully modelling the “smad signal transduction” pathwrpsbphila
(fruit fly) yielding satisfying results24].

To address the stochastic aspects of gene expression, the aifhors [44] plan to implement stochastic
kinetic models and to integrate an optimisation algorithm to determine ideal parameter sets for the
differential equations.

The project’s web site can be found hattp://www.symbio.jst.qo.ip

5.3 Discussion and Perspectives

In the following, we will discuss the advantages and disadvantages of the approaches for modelling
biochemical pathways described above. We also try to give some research perspectives.

5.3.1 Discussion

The discussion follows{21] and66].

Databases on Biochemical Pathways

The number of databases providing knowledge on genetic regulatory systems are slowly growing.
This is necessary to overcome the data bottleneck that is currently one of the highest hurdles in
modelling and simulating genetic regulatory networks. At least, these databases explicitly model
regulatory interactions.
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Current databases providing metabolic knowledge still have weakness in representing pathway net-
works. The accurate and clear representation of the complexity of the metabolism is the main chal-
lenge in this context. Browsing facilities are (if not missing at all) not yet mature. Modelling ap-
proaches based on XML might improve these facilities (see below). In addition, metabolic databases
model the metabolism on a rather high level. Data on interactions for between enzymes and interme-
diates or on reaction regulation and kinetics are usually missing. In the future, this kind of data should
be integrated. Simulation environments are not yet associated with the databases.

Approaches Based on Graphs

The approaches of using graphs to model biochemical pathways are probably the most intuitive and
straightforward ones. Drawing and other algorithms can be adapted from graph theory to investigate
the qualitative character of a biochemical pathway. Although graph models are not able to simulate
the quantitative and dynamic aspects of a pathway, they are important tools for teaching and learning
because they explicitly model the static aspect of pathways.

Bayesian Networks

The solid basis of Bayesian networks in statistics is profitable to deal with the stochastic aspects
of gene regulation. Another advantage of this approach is, that it can be used even if only incom-
plete knowledge about the system is available. The great disadvantage of the usage of Bayesian
networks for modelling regulatory pathways is that they leave dynamic aspects implicit. Like graph
approaches, Bayesian networks explicitly model only static aspects. A possible generalisation of
Bayesian networks to model also dynamical aspects are so-called dynamical Bayesian networks (see
[21] for references).

Petri Nets

The formalism of ordinary Petri nets can be used to develop discrete models of biochemical pathways.
A specialisation for the modelling of regulatory networks, where the number of tokens deposited at
each place is either or 0 and the weight of each arc is is closely related to boolean networks
(genes are modelled to be fighter on or off). But Petri nets cannot represent continuous values such as
concentrations of MRNA, proteins, enzymes, or metabolites. In this coritext, [49] proposes a hybrid
Petri net approach, extending ordinary Petri nets to handle continuous values. Places and transitions
are defined to be either discrete or continuous. Discrete places have a non-negative integer number
of token associated with it. Continuous places are associated with a non-negative real number of
token. Continuous places may now model concentrations of the system components. A variable is
assigned to each transition. In case of a discrete transition this variable determines its delay time,
where as in case of a continuous transition the variable represents its dpeed. [49] uses this extension
to model genetic regulatory networks and states that this extensions allows one to “express explicitly
the relationship between continuous values and discrete values while keeping the characteristics of
ordinary Petri nets soundly” and that “stochastic factors can be included properly”.
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Boolean Networks

Because of their strong simplifying assumptions Boolean networks enable efficient analysis also of
large networks. But the simplifying assumptions cause several problems, two of which are mentioned
here: First, a gene is modelled to be either on or off. But in reality, genes have also intermediate
expression levels that are neglected by the model. Second, transitions between activation states of
the genes are modelled synchronously. In reality, this is not the case. Both problems may cause
that certain behaviours of the system are not predicted. To overcome these prahlems [21] mention
more generalised logical formalisms, e.g. approaches allowing the variables in the Boolean network
to have more than two values and transitions between states to occur asynchronously (see [21] for
references). But[66] state that at least asynchronous transition systems solve these problems only
partly. In addition, time delays resulting from macro molecular transport often cannot be modelled
accurately using a Boolean approach [66].

Rule-Based Approaches

The major advantage of rule-based formalisms is their capability to deal with a richer variety of biolog-
ical data [Z1]. Rule-based approaches provide an intuitive formalism to model biochemical pathways.
Dynamic behaviour of pathways can be studied, but usually only in a discrete way. Analysis of the
dynamic behaviour in terms of continuous concentration rate changes is not possible. Nevertheless,
the rule-based formalism has a major advantage. The metabolic rules can easily be adapted from exist-
ing knowledge bases. Translating a given metabolic reaction into the rule-based formalism is carried
out as follows: All substrates of the reaction are addef,tall products are added 8, and so on.
Pathway data in molecular biology databases is often represented in such a way that this translation
can be done automatically.

On the other hand, it is difficult to maintain a consistent knowledge base of biological data. Moreover,
the problem of integrating symbolic and numerical knowledge in a single formalism is not yet solved

satisfyingly.

Differential Equations

Differential equations are the most widespread formalisms to model biochemical pathways. This ap-
proach allows modelling of gene regulation and metabolism in great detail. But one serious handicap
is that the information required to build such models is often lacking (especially in case of genetic
regulatory systems). For numerical simulation techniques to approximate solutions for the equations,
values of numerical parameters are available for only a handful genetic regulatory systems or only
for parts of systems. Several researchers such-as [66]-and [21] hope or suggest that these problems
could be solved by the growing availability of gene expression data together with new numerical
techniques. In case of metabolic pathways, the theory of reaction kinetics based on several differ-
ent concepts (such as among others Mass action kinetics, Hill kinetics, or Michaelis-Menten kinetics
[13]) is well investigated but in practice experimental data required to calculate numerical simulation
are also often lacking.

A further problem of the approach using differential equations for modelling genetic regulatory sys-
tems is that it makes several implicit assumptions. The modelling approach presupposes that concen-
trations of substances vary continuously and deterministic. From the biologist’s point of view this
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TABLE 5.1: Comparison of the modelling capabilities of the three simulating tools described in this
section.

Simulator metabolic pathways gene expression signal transduction others
E-CELL yes yes yes (not yet tested)

Virtual Cell yes yes

BIODRIVE yes yes yes cell-cell interactions

assumptions are at least questionabiel [21] proposes more discrete and stochastic models based on
differential equations to deal with this problem.

Simulation Environments

Most approaches in modelling biochemical pathways focus on the simulation of the phenomenon
under study or characterise single physiological mechanisms. The modelling of a new phenomenon
requires a new simulation program to be written. This is a time consuming and error prone exercise
[671].

In fact, this suggests that a general framework for modelling and simulation of user defined systems
is required. The three tools described in this section are a small selection of attempts to fulfill this

requirement.

Thus, an important criterium for discussion is the modelling power of each tool. This determines
usefulness of the framework from the users’ point of view. The modelling power of the three tools
described above is summerised in Tdhle 5.1.

Of course, model management is much more useful than implementing one fixed model. But a huge
hurdle for the easy usage model managers and simulators such as the approaches described here is that
there is not yet any standard format to build and describe a model of a target system. Another obstacle
which should not be neglected is that biologists are usually not equipped with sufficient mathemati-
cal, physical, or computational expertise. Therefore, it might be desirable to hide the mathematical
complexity of the model from the user.

Beside all those problematic thoughts, it should be mentioned that such simulation frameworks greatly
benefit the daily work of biologists. A prediction based on the simulation of a model is often most
useful if it doesn’t match the experimental details because this indicates that the model is not complete
or contains errors. Such results often support biologists in searching for new interactions by pointing
to the right direction.

Summary

Modelling Regulatory Pathways. Modelling regulatory pathways aims at static representation and/or
dynamic simulation. Recent attempts to simulate regulatory pathways can be divided into boolean and
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continuous approaches.
Boolean approaches assume [66]:

1. the state of each gene can be characterised as either on or off,
2. the regulatory control of gene expression can be approximated by boolean logical rules,

3. all elements are most commonly assumed to update their states synchronously.

The continuous approach usually uses differential equations and requires the assumption of specific
kinetic schemes[66].

Hybrid approaches try to integrate continuous modelling based on differential equations within the
framework of discrete qualitative modelling. An interesting hybrid approach is described in [49]: The
formalism of petri nets is extended to handle the continuous values of genetic regulatory systems such
as concentrations of gene products. This approach is promising because it integrates continuous and
discrete aspects within on single formalism.

Modelling Metabolic Pathways. The most commonly and frequently used way to represent metabolic
pathways in static pictures are annotated graphs. To accommodate the complexity of the metabolism
these representations should be able to view single pathways as well as the entire metabolism on dif-
ferent levels of detail. A promising approach is the www interface of the KEGG database providing
the capability to browse through pathways of different detail and navigate to annotations. Dynamic
modelling approaches can be divided into two categories (seelalso [29]):

e Stoichiometric models: these approaches allow the study of the dynamic behaviour of metabolic
pathways but are limited to discrete simulation. The simulation results of stoichiometric mod-
els are predictions such as “how many molecules of substdnaee produced under a given
starting configuration” rather than changes of concentrations of the enzymes and metabolites.

¢ Kinetic models: these approaches are in general based on differential equations. The dynamics
of metabolic reactions are described by these equations in combination with the known stoi-
chiometry of the reactions. Note that this modelling approach is only appropriate when detailed
information about the kinetics of the specific metabolic processes are available.

5.3.2 Perspectives

Static Modelling. Biochemical pathways have to be modelled for static representation. Clearly
arranged graphs are e.g. suitable knowledge representations of existing pathway data. These static
representations are reasonable tools for education, teaching, and reviewing.

Molecular biology databases provide a huge amount of pathway data but only few of them model
and provide these data explicitly. This is an unfortune situation: Dynamic modelling of regulatory
systems is currently hampered by a data bottleneck. Quantitative and qualitative data is lacking to
develop mature models. Molecular biology databases focusing on metabolic and regulatory pathway
data could play an important role as information infrastructures to overcome this bottleneck (see also
below).
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Note, that static representations of pathway data such as pathway graph diagrams should provide
a kind of dynamic behaviour which is different to the dynamics of simulating systems. Especially
molecular biology databases focusing on pathway data should provide capabilities to navigate through
the data representations in diverse ways. The KEGG (cf. Appéndix A.52) database on metabolic and
regulatory pathways is a prominent example. The user interface of KEGG provides capabilities to
view pathways on different levels of detail and browse through these different views by hypertext link
navigation. In addition, the KEGG interface enables the user to browse through annotated information
about single components of each pathway. This includes among others e.g. specific information about
an enzyme in a metabolic pathway.

The possibilities of dynamic navigation through pathway data are not limited to those mentioned here.
Moreover, they depend on user requirements. But also the existing navigation capabilities do not pose
optimal solutions. These thoughts yield to the suggestion that XML could be once again a good
candidate for modelling biological data — here pathway data — because of its powerful linkage concept
(XLink [Z3]).

Dynamic Modelling. “Modelling of stochasticity and of alternative biochemical architectures is far
from complete” [66].

Current modelling and simulation studies are mostly restricted to regulatory systems of modest size
and complexity that have been well-characterised already by experimental results [21]. The analysis
of larger systems integrating diverse biochemical pathways such as regulatory and metabolic pathways
is of great theoretical and practical relevance but is currently hampered by several obstacles, including
among others[21][]66]:

e Necessary information for building models, estimate parameters, and testing predictions is not
yet available for many regulatory systems.

e The inherent complexity of optimisation problems like estimation of model parameters and
computing numerical solutions for differential equations drain and overextend computational
resources rapidly even for relatively small systems.

e Usually several simplifying assumptions have to be made to develop an efficient model and
system. The price being paid for these assumptions is a potential loss of biological relevance of
the simulation results.

The emergence of new experimental technigues in molecular biology will produce more data on reg-
ulatory systems. Together with the development of databases and other information infrastructures
making experimental data available this will probably overcome the lack of data.

In addition, constantly increasing computer power will allow new approaches in modelling and simu-
lation to be tried.

In general, computer-based simulation and laboratory experimentation have to work hand-in-hand to
generate more predictions on responses of cells and organisms to physiological stimuli as well as new
data about pharmaceutical agents used in drug discovery and gene therapy. A tight cooperation of both
computer tools and experimental work to support the construction of dynamic models for biochemical
pathways is currently gaining increasing attention [21].

Last but not least, we want to deal with the question posed in Ch@pter 3 whether the Object-Protocol
Model (OPM) could be adequate for modelling metabolic and/or regulatory pathways.
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OPM seems to be adequate for static modelling. Reaction steps could be modelled as sequences of
subprotocols, whereas the pathway would be the superprotocol. This could be an interesting approach
since OPM provides object-oriented constructs to model further details such as information on chem-
ical components, or information on interactions between the pathway components.

On the other side, OPM is most likely not suitable to model metabolic pathways for dynamic simula-
tion. As far as we know, OPM provides constructs to model time-dependent aspects but no constructs
to model quantitative aspects of actions nor constructs to simulate the changing of continuous values
along a time axis.
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Chapter 6

Conclusions

In this Chapter we try to summerize and discuss the primary results of the thesis.

Molecular biology is a rapidly evolving, highly data-intensive discipline. The usage of computer
science techniques for storage, retrieval, and analysis of biological data is indispensable.

Our aim was to introduce the computer science generalist to modelling of biological data. Since most
computer scientists do not have a profound expertise in molecular biology we introduced the basic
concepts of this domain. Our emphasis was on molecular biology databases and their applications.
We tried to provide an overview of the state of art in molecular biology databases and molecular
biology database integration. A list of 120 databases in Appendix A provides with a snapshot of
currently available data sources in biological science.

Furthermore, we introduced into modelling of biological relationships and processes. We overview
current approaches in modelling genetic regulatory systems and metabolic pathways.

6.1 Summary

6.1.1 Molecular Biology Databases

The number of molecular biology databases is steadily growing. The primary reason for this is the
heterogeneity of the data and aims of the different databases. While some databases focus on data on
a single organism, others try to provide data on specific biological entities (such as nucleic acids or
genes). We classified the state of art of molecular biology databases according to the underlying data
model and data management system, query interfaces, data acquisition, and contents.

Data model and data management. Molecular biology databases use the different approaches for
data representation and data management. The spectrum ranges from

e databases using standard DBMS (relational/object models),
e databases using OPM on top of a relational DBMS,

e databases using ACEDB as DBMS, and
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o databases implemented as flat files (explicitly structured through indexes called “line types”, or
implicitly structured text files).

Flat files have emerged to be tde facto exchange standard in molecular biology data flow. As a
consequence many commonly used analysis tools in molecular biology work on flat files.

Data retrieval. Molecular biology databases offer the following forms of data retrieval:

e query interfaces which can be classified either as

— ad hoc query interfaces (supporting free-form queries in a query language) or
— free-form query interfaces (usually providing with a view on the database),

o facilities to download the entire database or parts in flat text files, and

o facilities to browse through hierarchies of the data which are built by the database providers.

The most common way to retrieve data from molecular biology databases is to download flat text files,
because flat files are the standard exchange format and analysis tools require input in flat file format
(as mentioned above).

Data acquisition. Usually molecular biology databases aim at being as comprehensive and up-to-
date as possible. To achieve this goal, data acquisition plays a central role.

In general, molecular biology databases acquire their data from

e the research community (research teams and institutes that submit their data to the databases),
o the scientific literature (publications in journals, books, etc.), and/or

e other databases.

Several problems specific to the acquisition methods have been mentioned and discussed, including
among others: overhead costs, waste of time and human capacity, data format conversions, etc.

6.1.2 Molecular Biology Database Integration

Biological data are scattered over many different stand-alone sources. The incompatibility and het-
erogeneity of these sources are strong limitations to the use that can be made of the available data.
An integrated information infrastructure for molecular biology is needed to gain full profit from the
available data.

Several hurdles must be overcome when creating an integration environment for molecular biology
databases. In this thesis, we described requirements and key problems in that context such as hetero-
geneity on the semantic, query language, and data modelling level and the difficulties of updates.

We further overviewed and classified a selection of current approaches in molecular biology database
integration and identified the following categories:
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theoretical approaches (ontologies and standardised exchange formats),

navigation through hypertext links,

data warehouses,

multi-database querying systems, and

federated database systems.

In addition, the integration systems are classified either as warehousing or federated approaches.

6.1.3 Modelling Biochemical Pathways

Beside the summary of data models that represent static biology data in molecular biology databases
we described current approaches for modelling a special form of biological interactions, genetic reg-
ulatory systems and metabolic pathways, in this thesis referred to as biochemical pathways. We gave
an overview and discussed formalisms currently used to model biochemical pathways, including:

e approaches based on graphs,
e Bayesian networks,

e Petri nets,

boolean networks,

rule-based formalisms, and

o differential equations.

We classified these approaches in static and dynamic modelling.

6.2 Discussion

Molecular biology distinguishes between thenotypeand thephenotypeof an organism. The geno-

type is determined by the genomic particularity of the organism, its genome. The phenotype is char-
acterised by the phenomenon and actions of the organisms determined by the genotype and the en-
vironment. A demonstrative analogy is the following, given by [69]: Consider a complex computer
tool. The code of the software (assuming it will never be changed) would be the genotype whereas
the dynamic execution behaviour of the system, depending on the code, interaction with users, the
operating system, etc. would be its phenotype.

Biologists investigate both the genotype and the phenotype of organisms. They thus produce genomic
data as well as data on phenotypes ranging from gene products, complex interactions between these
gene products to the behaviour of entire organisms.

In deed, the amount of genomic data which are currently existing and are being produced in the future
is just overwhelming. But one major challange that molecular biology and bioinformatics face is the
interpretation of this information in terms of the biological function of the genes and proteins encoded
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in the genome — with other words the generation of phenotype data. Most likely, this interpretation
will lead to an amount of data that is a good deal more than the amount of genomic data. It is clear
that all these data can only be conquered with the support of computers.

Biological data have a characteristic structure that is different to other domains. While genomic data is
represented in a well-known way through sequences over the four-letter algbaldetG, 7'}, there

is no clear model for data on the phenotype of organisms. For example, the expression products of
genes, the proteins, can be represented as sequences over a 20 letter alphabet, but this representation is
so simple that it allows only very few insights into more important properties such as three dimensional
structure of proteins.

Reasons for the fact that there is no concrete model for phenotype data may be:

¢ Different analysis and experimental methods generate differently structured data sets.

e The situation where all biological entities and their relationships and interactions are determined
in full detail is far out of reach.

e The notion of biological function differs according to the aims of research. Different researchers
having different notions focus on differnt aspects of biological entities and thus produce seman-
tically and structurally different data sets.

There are several consequences: First, the structures of single data sets and database models are
rapidly evolving. Earlier attempts to standardize data formats have failed and future attempts will also
shipwreck. Standard DBMSs usually cannot adequately deal with this fact. Second, data are highly
heterogeneous not only in structure (syntax) but also in their meaning (semantic). Generic ontologies
are good candidates to address this problem. Third, biological data are a prototype for what can be
referred to asemistructured datf]. Biological data often is incomplete and different data sets on the
same biological entity often do not fit into a common model. Standard DBMSs are again not adequate

to deal with this fact. For example relational DBMSs are inefficient since one has to maintain and
explore many quasi empty tables. Frequently occurring schema changes quickly lead to complex and
unintuitive database schemas.

Therefore, itis perhaps no wonder that the exchange standard in molecular biology are flat files. These
flat files consits of data items called entries. Each entry usually consists of all information available
on a semantic item. This is the result of attempting to achieve human readability: all information
associated with one entry are kept together. As a consequence, each data repository has to provide a
flat file version of its contents. Analysis tools require input as flat files (often different tools require
differently structured files).

Flat files as standard data format have several disadvantages. First, they are difficult to use because
they require parsing tools which are complex to write and must be adapted to every single schema
change. Second, they waste computer resources because databases have to store the entire data in
several different formats or have to produce several different formats by converting the original data
set (to address the fact that most analysis tools require input in different formats). Last, the goal

of normalisation and no redundancy is disregarded (e.g. the classification of an organism might be
repeated in all entries of that organism).

The development of flexible formalisms for knowledge representation that can deal with the domain-
specific challenges and are capable to model different notions of biological function is needed. We
propose the use of XML because of its close relationships to documents (especially web documents),
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its ability to address the semistructured flavour of biological data, and its power to cross-link related
information. XML can also play a central role in molecular biology database integration.
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Appendix A

Directory of 120 Selected Databases

We selected 120 databases to be described in this section in some detail. This selection is close to
that of the “Database Issue 2000” of the journal Nucleic Acids Research (NAR, 2000, Vol. 28, No.

1). Some randomly selected databases have been added. Others, mentioned in the "Database Issue
2000” were left out. The order of appearance is alphabetical according to the abbreviations (if one is
provided) of the database names. With our selection we try to cover the whole spectrum of computer
science techenologies used for developing molecular biology databases.

It should be pointed out, that this is just a “snapshot” as of Spring 2001. We focus our description on
the classification criteria mentioned in Chagier 3.2. A grand table, summerising this classification is
presented in ChaptérB.5.

A.1 3DBase

Provider and access. 3DBase was developed in 1996 at the Brookhaven National Laboratories
but as the PDB migrated to another location, links to 3DBase are no longer provided. Nowadays
the 3DBase seems to be integrated in the PDB [Cf._JA.75) and is accessible through the so called
3DBrowser. The 3DBrowser is e.g. provided by the Weizmann Institute of Science, Isriagpat:
fipdb.weizmann.ac.ii/pdb-bin/pdbmain

All information provided here refer to the original development of 3DBase at Brookhaven.

Contents. 3DBase provides the structural information stored in the PDB[(Ci.]A.75). The complex-

ity of PDB entries and their use by a multi-disciplinary community required the construction of a
database that representsstructural, biological, chemical, and bibliographic information.In addition to
all coordinate entries found in PDB, the database contains semantic links to entries found in other
databases. For example, 3DBase represents the relationships between sequences found in PDB with
those in SWISS-PROT (cf_A.103), GSDB (€f._A.38), or GenBank[(cf. A.36).

Data modelling, data storage, and data acquisition. The schema of 3DBase is modelled using
OPM. the underlying DBMS is the relational system Sybase. Two primary objects in 3DBase are
“oExperiment” and “oMacroMolecule”. These objects describe the experiment and the biologically
active molecule, extending the current view found in PDB entries.
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Data retrieval and query answering. 3DBase seems to be accessible through the 3DBrowser at
several mirror sites all over the world. This provides a complex fixed-form query interface. There is
no ad-hoc query interface.

There is no information whether the data can be downloaded or browsed by navigating through a
hierarchy.

Size. No information available.

Literature on 3DBase:

[3DBa] E. Abola et al. 3DBase — a macromolecular structure database. Available at:
ntep://iwww.orni.gov/TechResources/Human_Genome/pubiicat/
96santa/informat/abola.htmi

A.2 AAindex: The Amino Acid Index Database

Provider and access. AAindex, the amino acid index database is maintained at the Kyoto Uni-
versity, Kyoto/Japan. It can be accessechtp://www.genome.ad.jp/dbget/aaindex.
ntmi

Contents. AAindex provides information about each of the 20 amino acids that occur in living
organisms. Annotated data like biochemical properties and amino acid mutation matrices are attached.
Links to other databases are provided.

Data modelling, data storage, and data acquisition. AAindex is a flat file database. It consists of
two files, “aaindex1” containing the annotated amino acid index and “aaindex2” containing the amino
acid mutation matrices. Both files are explicitly structured (aaindex2 only partly).

Data are acquired from the scientific literature.

Data retrieval and query answering. AAindex can only be queried via the DBGET/LinkDB (cf.
Chaptel[4.3]2) system. There are no query interfaces to directly access data from AAindex. There is
also no capability to browse the data.

Both flat files of AAindex can be downloaded via FTP Hp://ftp.genome.ad.jp/pub/
db/genomenet/aaindex/

Size. Currently both files of the AAindex database require approximately 500 KB (aaindex1: 341
KB; aaindex2: 158 KB).

Literature on AAindex:


http://www.ornl.gov/TechResources/Human_Genome/publicat/96santa/informat/abola.html
http://www.ornl.gov/TechResources/Human_Genome/publicat/96santa/informat/abola.html
http://www.genome.ad.jp/dbget/aaindex.html
http://www.genome.ad.jp/dbget/aaindex.html
ftp://ftp.genome.ad.jp/pub/db/genomenet/aaindex/
ftp://ftp.genome.ad.jp/pub/db/genomenet/aaindex/
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[AAINa] S. Kawashimaand M. Kanehisa. AAindex: Amino Acid Index Datab&$ecleic Acids
Research28(1):374, 2000.

[AAINDb]  http://www.genome.ad.jp/dbget/aaindex.html

A.3 AARSDB: The Aminoacyl-tRNA Synthetases Database

Provider and access. The Aminoacyl-tRNA Synthetases Database (AARSDB) is maintained at the
Polish Academy of Science, Poznan, Poland. It can be accesg$gtbairose.man.poznan.
pi/aars/iindex.ntmi

Contents. AARSDB is a compilation of all Aaminoacyl-tRNA Synthetases which are available as
separate entries or alignments of related proteins via the WWW. Links to external databases (primarily
EMBL (cf. A228)) are simple textual references.

Data modelling, data storage, and data acquisition. The AARSDB is a flat file database. Each
entry is stored in a single file. The entries are structured explicitly using line types (search indexes).
The format is based on the flat file format of EMBL (€f—A.28) and SWISS-PROT{cf—A.103). Data
items are represented as HTML tables.

Data are acquired from the scientific literature.

Data retrieval and query answering. Data can only be browsed entering the data hierarchy pro-
vided by the AARSDB team. There are no query interfaces at all, and no possibilities to download
the flat files.

Size. No information available.

Literature on AARSDB:

[AARSa] M. Szymanski and J. Braciszewski. Aminoacyl-tRNA Synthetases DatabaseNK2K.
cleic Acids Resear¢t28(1):326-328, 2000.

A.4 ALFRED: The Allele Frequency Database

Provider and access. The Allele Frequency Database (ALFRED) is maintained at the Yale Uni-
versity School of Medicine at New Haven, USA. It can be accesseftgt://alfred.med.
yaie.edu/aifred/index.asp


http://www.genome.ad.jp/dbget/aaindex.html
http://rose.man.poznan.pl/aars/index.html
http://rose.man.poznan.pl/aars/index.html
http://alfred.med.yale.edu/alfred/index.asp
http://alfred.med.yale.edu/alfred/index.asp

120 APPENDIX A. DIRECTORY OF 120 SELECTED DATABASES

Contents. ALFRED has been designed to make allele frequency data on human population samples
readily available to the scientific community and to link these polymorphism data to the molecular
genetics-human genome databases. There are hypertext links to several other database.

Data modelling, data storage, and data acquisition. ALFRED is implemented using the relational
DBMS Microsoft Access. The underlying relational schema of the database is documented at [ALFb].

Data are derived from the research community and the scientific literature.

Data retrieval and query answering. The ALFRED homepage provides several search facilities
including a complex fixed-form query interface, and two browseable hierarchies. Theradshno
query interface. The data are not released as a flat file and thus cannot be downloaded via FTP.

Size. No information available.

Literature on ALFRED:

[ALFa] K.-H. Cheung et al. ALFRED: an allele frequency database for diverse populations and
DNA polymorphisma\ucleic Acids Researc8(1):361-363, 2000.

[ALFb] http://alfred.med.yale.edu/alfred/table_list.asp

A5 aMAZE

Provider and access. The aMAZE database is under construction at the European Bioinformatics
Institute (EBI). Some prototype features and the status of the project can be folhiig :atvww.
ebi.ac.uk/research/pfop

Contents. The aim of the aMAZE project is to develop a database containing information on protein
function, metabolic pathways and other biochemical pathways such as regulatory networks and signal
transduction pathways. Links to sequence databases such as SWISS-PROT (df. A.103), EMBL (cf.
AZ8), GenBank (cf[A36), and 3D structure information of PDB [Cf._A.75) will be provided.

Data modelling, data storage, and data acquisition. The data in aMAZE are represented using
an object-oriented model. The commercial object DBMSs ObjectStore is used for data management.
The model consists of three main types of objects [aMAZEDb], representing:

e biochemical entities,
e biochemical activities, and

e pathways.


http://alfred.med.yale.edu/alfred/table_list.asp
http://www.ebi.ac.uk/research/pfbp
http://www.ebi.ac.uk/research/pfbp
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The data model was designed with special respect to manage schema evolutions. [aMAZEa] provides
with more details on the data model.

Data are acquired from three other databases — KEGG(cf,] A.52), SWISS-PR(T {cf] A.103), and
BRENDA (cf. [AZI1) — by parsing their contents. All parsed data have been checked for consistency.

Data retrieval and query answering. The external level of the aMAZE database is still under
construction. It is expected that there will only be fixed-form query interfaces butlthoc query
interfaces. There will also be no flat file release, and probably no browsing capability.

Some tools for editing and creating pathways are available as prototypes at [aMAZED].

Size. No information available.

Literature on aMAZE:

[aMAZEa] J. van Helden et al. From Molecular Activities and Processes to Biological Function.
Briefings in Bioinformatics2(1):81-93, 2001.

[aMAZED] http://www.ebi.ac.uk/research/pfbp

A.6 AMmMtDB: A Metazoa Mitochondrial DNA Sequence Database

Provider and access. The database of multi-aligneetazoamitochondrial DNA sequences is

Srsé6

Contents. AMmtDB is a database collecting the multi-aligned sequenced&edkbratemitochon-

drial genes coding for proteins and tRNAs. The genes coding for proteins are multi-aligned based
on the translated sequences and both the nucleotide and amino acid multi-alignments are provided.
AMmMtDB is interconnected with external databases through the Sequence Retrieval System (SRS, cf.

Chapte4.317).

Data modelling, data storage, and data acquisition. The database is organised into three main
sections. Data are stored in flat files. The AMmtDB flat file format is defined at [AMmMtDBD]. It
consists of ten line types.

Data are mainly acquired from EMBL (cf._AJ]28) and GenBank (cf._A.36). This acquisition is done
automatically by a tool called "ACNUC". Another source of data is the scientific literature.


http://www.ebi.ac.uk/research/pfbp
http://bio-www.ba.cnr.it:8000/srs6
http://bio-www.ba.cnr.it:8000/srs6
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Data retrieval and query answering. Data can only be retrieved via the Sequence Retrieval System
(SRS, cf. Chaptgr4.3.7). SRS integrates several databases and pravidesand fixed form query
interfaces.

The flat files cannot be downloaded. There is no data classification to browse through.
Size. No information available.

Literature on AMmtDB:

[AMDBa] C. Lanave et al. Update of AMmMtDB: a database of multi-aligned metazoa mitochon-
drial DNA sequences. nar, 28(1):153-154, 2000.

[AMDBDb] http://bio-www.ba.cnr.it:8000/Tutorials/AMmtDB/AMmtDBHf.
hrmi

A.7 ASDB: The Alternative Splicing Data Base

Provider and access. The Alternative Splicing Data Base (ASDB) is maintained at the National
Energy Research Scientific Computing Center at Berkeley, USA. It can be accesdip:at:
devnuii.ibi.gov:8888/ait/index.htmi

Contents. ASDB consists of two divisions, ASDB(proteins), which contains amino acid sequences,
and ASDB(nucleotides) with genomic sequences. It provides information about alternative splicing.

Entries in ASDB(proteins) are hypertext links to the according SWISS-PROT entries, entries in
ASDB(nucleotides) are hypertext links to according GenBank entries. Some entries also provide
hypertext links to other external databases such as EMBIL(Cf] A.28).

Data modelling, data storage, and data acquisition. Unfortunately, there is no information avail-
able about the underlying data model and the data management system. It seems that ASDB only
manage links to the according data items in SWISS-PROT and GenBank.

Data are acquired from SWISS-PROT (cf.AJL03) and GenBank({cf] A.36).

Data retrieval and query answering. ASDB can be searched through a collection of fixed-form
query interfaces. Keywords can be searched against several search indexes. Two or more keywords
can be combined with logical operators (only AND and OR). There isdaboc query interface and

no browsable hierarchy to retrieve data.

There is no possibility to download the data of ASDB.


http://bio-www.ba.cnr.it:8000/Tutorials/AMmtDB/AMmtDBff.html
http://bio-www.ba.cnr.it:8000/Tutorials/AMmtDB/AMmtDBff.html
http://devnull.lbl.gov:8888/alt/index.html
http://devnull.lbl.gov:8888/alt/index.html
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Size. No information available.

Literature on ASDB:

[ASDBa] |I.Dralyuk etal. ASDB: database of alternatively spliced gehkgleic Acids Research
28(1):296-297, 2000.

[ASDBb] http://devnull.Ibl.gov:8888/alt/index.html

A.8 AtDB

seeTAIR (AI0G on pagg 229)

A.9 Axeldb: A Xenopus laevidDatabase

Provider and access. A Xenopus laevi®atabase (Axeldb) is maintained by the Deutsches Krebs-
forschungszentrum at Heidelberg/Germany and accessillig@at/www.dkfz-heideiberg.
de/aibt0135/axeidb.nim

Contents. Axeldb stores and integrates gene expression patterns and DNA sequences. Hypertext
links to EMBL (cf. [A-28) and PubMed (cf_A.P0) are provided.

Data modelling, data storage, and data acquisition. Axeldb is implemented using the ACEDB
software as DBMS. The database runs on an UNIX platform. The schema consists of 22 classes. The
number of instances of one class ranges from 0 (no instances) to approximately 5 000.

Data are derived from the scientific community, some external databases, and the literature. Incoming
data are originally in the form of ASCII flat files and are converted into the ace format files required
by the ACEDB software. This is done using Perl and shell scripts.

Data retrieval and query answering. Axeldb can be browsed and searched in various ways:

All objects of Axeldb can be accessed by browsing through the classes of objects. Browsing can start
based on the domains of one or more expression (fixed-form interface) or picture-oriented.

Several fixed-form query interfaces enable the selection of genes, clones, pictures, sequences etc. The
database can also be searched using text keywords or wilare query interface using the AQL.

BLAST [4] and FASTA [56] provide sequence similarity search against Axeldb.
Data can also be downloaded as a flat file via FTP.

Size. No information available.


http://devnull.lbl.gov:8888/alt/index.html
http://www.dkfz-heidelberg.de/abt0135/axeldb.htm
http://www.dkfz-heidelberg.de/abt0135/axeldb.htm
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Literature on Axeldb:

[Axela] N. Pollet et al. Axeldb: a Xenopus laevis database focusing on gene expréésideic
Acids Researg28(1):139-140, 2000.

[Axelb] http://lwww.dkfz-heidelberg.de/abt0135/axeldb.htm

A.10 BMRB: BioMagResBank

Provider and access. The BioMagResBank (BMRB) is provided by the University of Wisconsin-
Madison. It is accessible etitp://www.bmrb.wisc.edu

Contents. BMRB provides data on three dimensional structures of peptides, proteins, and nucleic
acids resulted from NMR experiments. It is cross-linked with the PDBI[{Cf.]A.75) and the NDB (cf.
A7T).

Data modelling, data storage, and data acquisition. BMRB is internally managed by a relational
DBMS. The data is converted into the so-called “Self-Defining Text Archive and Retrieval” (STAR)
format [32] at the University of Wisconsin-Madison. The STAR format is used as data exchange
format and format of the flat file release. Several tools are used to produce the STAR files (see
[BMRBD]). A detailed description of the relational tables of the BMRB schema can be obtained at
[BMRBCc].

Data in BMRB are originally acquired from the literature and two external databases (PDB and NDB,
see above). In addition, data submission from the research community is also accepted. Special data
submission tools are provided to assist biochemical researchers in producing correct STAR files for
data submission to BMRB [BMRBDb].

Data retrieval and query answering. BMRB provides a fixed-form query interface where the user

can query the database against one or more of eight different attributes. An interface to the FASTA
[6B] sequence comparison tool is also provided. The user can compare a DNA or protein sequence
against the database [BMRBDb]. There isaabhoc query interface.

In addition, the data is organised into a hierarchy that can be browsed via the so-called. The data can
also be downloaded in flat files (in STAR format) via FTPfgt://ftp.bmrb.wisc.edu

Size. No information available.

Literature on BMRB:


http://www.dkfz-heidelberg.de/abt0135/axeldb.htm
http://www.bmrb.wisc.edu
ftp://ftp.bmrb.wisc.edu
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[BMRBa] B. Seavey et al. A relational database for sequence-specific protein NMRJdataal
of Biomolecular NMR1:217-236, 1991.

[BMRBb] http://www.bmrb.wisc.edu/

[BMRBc] http://www.bmrb.wisc.edu/pub/data/export_db/doc/index.html

A.11 BRENDA, the Enzyme Database

Provider and access. BRENDA, the enzyme database is maintained at the University of Cologne,
Germany. It can be accessedatp://www.brenda.uni-koein.de/

Contents. BRENDA is the main collection of enzyme functional data available to the scientific
community. It provides several properties for each stored enzyme such as nomenclature, reaction-
related annotation, structure-related annotation, and other pieces of information. See [BRENDb] for
details.

Hpertext links to external databases such as KEGG[(cf-]A.52) and SWISS-PROT_(cf] A.103) and
textual references to the literature are provided.

Data modelling, data storage, and data acquisition. Data in BRENDA are stored in the relational
DBMS MySQL. There is no information available about the details of the underlying relational data
model. For query answering, single data items are converted into flat files that are explicitly structured
by line types (search indexes).

Data are acquired originally from the scientific literature. In addition, researchers can submit their
data to BRANDA using a submission tool.

Data retrieval and query answering. BRENDA provides only fixed-form query interfaces. Three
simple interfaces allow to query a keyword against a special search index. A further more complex
interface provides the capability to express a query against two search index of the database com-
bined with boolean operators. The queries are transformed into SQL statements and processed by the
DBMS.

There is naad-hoc query interface nor a browsable hierarchy. The data are also not released as a flat
file for download.

Size. No information available.

Literature on BRENDA:

[BRENa] http://www.brenda.uni-koeln.de/brenda/brenda_intro.html


http://www.bmrb.wisc.edu/
http://www.bmrb.wisc.edu/pub/data/export_db/doc/index.html
http://www.brenda.uni-koeln.de/
http://www.brenda.uni-koeln.de/brenda/brenda_intro.html
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A.12 The CATH protein domains database

Provider and access. The CATH protein domains database (CATH) is maintained by the University
of London, UK. It can be accessed hattp://www.biochem.uci.ac.uk/bsm/cath_new/

Contents. CATH provides a hierarchical classification
of protein domains into evolutionary families and struc-
tural groupings.

The proteins in CATH are clustered at four major levels,
Class (C), Architecture (A), Topology (T) and Homol-
ogous superfamily (H) (This is where the name CATH
derives). The classification is carried out in seven steps
including sequence comparison (S-level), assignment of
domain boundaries for multidomain proteins, automatic
assignment of classes, structure comparisons (H- and T-
levels), assigning architectures, collecting data on indi-
vidual structures, and finally assigning CATH numbers.
P Details can be found in [CATHa]. The hierarchical nature
f of the CATH classification is shown in Figufe_A.1 (top
three levels C, A, T only).

TIMbarrel Sandwich  Roll

i el il In addition, the so-called CATH Protein Family Database
avodoxin p-lactamase

(41xn) (1mblA1) (CATH-PFDB) which associates one-dimensional sequen-
ces with the three-dimensional homologous superfamilies
FIGURE A.1: Hierarchical of the CATH and the CATH-DSH (Dictionary on Homologous Super-
classification (taken from [CATHc]). families) containing annotated multiple structural align-
ments are provided together with CATH.

There hypertext links to other databases such as PDB[{Cf.] A.75), SWISS-PRO[{cf] A.103) and
several other external databases.

Data modelling, data storage, and data acquisition. There are currently no information available
about the underlying data model and the data management system of CATH.

Data seem to be acquired from PDB (Cf_A.75).

Data retrieval and query answering. There are several ways to retrieve data from CATH: First,

the user can browse through the CATH hierarchy to retrieve single data items. Second, the CATH
database can be searched via a fixed-form query interface by keywords or PDB identifiers. There is
no ad-hoc query interface. Last, the entire contents of CATH can be downloaded via FTP as flat files
at: ftp://ftp.biochem.uci.ac.uk/pub/cathdata/v2.0/

Size. Allflat files of CATH together currently require about 4 MB.

Literature on CATH:


http://www.biochem.ucl.ac.uk/bsm/cath_new/
ftp://ftp.biochem.ucl.ac.uk/pub/cathdata/v2.0/
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[CATHa] C. Orengo et al. CATH — a hierarchic classification of protein domain structBtasc-
ture, 5(8):1093-1108, 1997.

[CATHb] F. Pearl et al. Assigning genomic sequences to CANdcleic Acids Research
28(1):277-282, 2000.

[CATHc]  http://www.biochem.ucl.ac.uk/bsm/cath_new/cath_info.html

A.13 COG: The Database of Clusters of Orthologous Groups of pro-
teins

Provider and access. The database of Clusters of Orthologous Groups of proteins (COG) is avail-
able at the home-page of the National Center for Biotechnology Information (NCBIhtad:
fiwww.ncbi.nim.nih.goviCOG

Contents. The database is an attempt on phylogenetic classification of proteins encoded in complete
genomes of bacteria, archaea and eucaryotes. Protein sequences are clustered by biochemical criteria
into clusters of orthologous groups (COGs). The COGs are classified by 17 functional categories (see

[COGa)).
Hypertext links are provided to GenBank (Ef_A.36).

Data modelling, data storage, and data acquisition. The data are stored in flat files. Each COG

is stored in an own file. The flat files consist of entries (representing proteins). Each entry is marked
with “>" at the beginning and consists of a primary key followed by the amino acid sequence of the
protein in the following lines. See Figufe A.2 for a sample entry. Additional several documentation

files contain e.g. information on each COG or on the abbreviations used as keywords are available.

New proteins are fitted into the COGs with a program called COGNITOR which is accompanied
by the database. The original COGs have been identified on the basis of an all-against-all sequence
comparison of the proteins encoded in complete sequenced genomes using the BLAST [4] program.

There is no information about curating available.

rAF1241

MELDESEFLY AEALHLME G WS P WRAFFPHPF Y TARGEG SFIYDVDGHAYIDY CHAY GPLYVL GHAHEWY
FHALAEQLERGWLY GTPIELEIEYAFLT OEYFF SHMEMLEFVHT GSEATHAALEVARGFT GEDFIVEVEGS
FHGAHDAVLYWFEAGSGATTHGIFH SAGVEADFVENRTL OWPFHDIEAL SEILEFHEVAALILEFWHGH S SLI
LFEFDYLEEVEEVWTAERDVLLIFDEVWIT GFEV SMGGANEYY GWFEPDLTTL GFIAGGGLPIGIF GGREFETH
EEVAPSGDVY OAGTF SGHPLSLTAGY AT VEFMEERGY IEEVHSLTEELV S GIADVLEDFYAECEW G SLAS
MFCIYF GPTPPHY AEAL OLHEERFMEFFWRMLER GV FLPP S OYET CFW SFAHTEEDVERTVEAVSESL

FIGURE A.2: Sample entry of COG.


http://www.biochem.ucl.ac.uk/bsm/cath_new/cath_info.html
http://www.ncbi.nlm.nih.gov/COG
http://www.ncbi.nlm.nih.gov/COG
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Data retrieval and query answering. The data can be downloaded via FTP in a flat fileftgc
fincbi.nim.nih.gov/pub/COG
The COG WWW site contains the following data which can be browsed:

1. alist of all COGs organised by the (predicted) functional categories, hyper-linked to

2. individual COG pages: each of the COG pages shows the respective phylogenetic pattern,
hyper-linked to

e pictorial representations of BLASTI[4] search outputs for each member of the COG (with
hypertext links to GenBank and Entrez),

e a multiple alignment of the COG members produced automatically by the ClustalW pro-
gram,

e a cluster dendrogram generated using BLAST [4] scores as the measure of similarity be-
tween proteins;

3. COGNITOR page were a protein sequence can be pasted, searched and assigned to a COG;
4. a phylogenetic pattern search tool;

5. a matrix of co-occurrence of genomes in COGs;

There are nad-hoc, nor fixed-form query interfaces. The data files can be downloaded via FTP.

Size. The database consists of 2256 files, each representing a COG. The number of entries (proteins)
in the files (COGSs) differ from 3 to over 50. The individual files require between less than 1 KB
and more than 150 KB. The file containing a collection of all COGs require (as zipped UNIX Tape
Archive) currently approximately 15 000 KB.

Literature on COG:

[COGa] R. Tatusov et al. The COG database: a tool for genome-scalea analysis of protein
functions and evolutiorNucleic Acids Resear¢c8(1):, 33-36, 2000.

[COGb]  http://www.ncbi.nlm.nih.gov/COG/COGhelp.html

A.14 Colibri

Provider and access. Colibri is maintained by the Institut Pasteur in Paris/France and is publicly
accessible at URLKttp://genolist.pasteur.fr/Caolibri/


ftp://ncbi.nlm.nih.gov/pub/COG
ftp://ncbi.nlm.nih.gov/pub/COG
http://www.ncbi.nlm.nih.gov/COG/COGhelp.html
http://genolist.pasteur.fr/Colibri/
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Contents. Colibri integrates various aspects of the genomic information feoroli. The database
provides a complete data set of DNA and protein sequences, linked to the relevant annotations and
functional assignments.

Hypertext links to GenBank (cf_A:B6) and SWISS-PROT [cf._A]103) are provided.

Data modelling, data storage, and data acquisition. Colibri is implemented using the commercial
relational DBMS Sybase. The schema is described comprehensively in [COLa]. New data are no
longer acquired as the. coligenome is fully sequenced.

Data of Colibri originate from th&. coli Genome Project and the EcoGene databasg&{cf] A.26).
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FIGURE A.3: Screenshot of the Colibri www-interface: The query interface is located on the left
margin. A browsable map of the region of a sample gene is located in the center right.

Data retrieval and query answering. There are several fixed-form query interfaces, and an inter-
face for text searchAd-hoc queries can also be expressed in an home-made query language that tries
to translate some SQL constructs into natural language (the query language allows constructs such as
"consists of”, "like”, "a part of”, etc.). The results are structured in HTML-tables and further analysis

is supported by dedicated analysis tools.

In addition, a flat file distribution of the data contained in Colibri will be available soon. It will include
a number of files (or series of files):

e The complete database in EMBL (€Al 28) format (DNA sequence + associated features)

e The complete genome sequence in FASIA [56] format
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e The protein-encoding DNA sequences in FASTA [56] format

e The protein sequences in FASTAT56] format

There are also capabilities to retrieve data by browsing e.g. through interactive maps (seg Figure A.3).

Size. No information available.

Literature on Colibri:

[COLa] C.Medigue et al. Colibri: a functional data base for the Escherichia coli genigline.
crobiology and Molecular Biology Reviews7(3):623-654, 1993.

[COLb] http://genolist.pasteur.fr/Colibri/

A.15 COMPEL

Provider and access. COMPEL is maintained by a part of the Siberian Branch of the Russian
Academy of Science at Novosibirsk, Russia in collaboration with the Gesells¢haBidtechnol-
ogische Forschung in Braunschweig, Germany. It is accessibitpt//compei.bionet.

NSCoiti

Contents. COMPEL is a database on composite regulatory elements. It provides hypertext links to
external databases such as TRANSFAC[(Cf."A.109) and TRRID{cf.A.112).

Data modelling, data storage, and data acquisition. COMPEL relies on a relational schema con-
sisting of 16 tables. The data are managed by a relational DBMS. Further information about the
COMPEL schema can be found in [COMPa].

Data are acquired probably from external databases and the literature.

Data retrieval and query answering. COMPEL can be searched through a fixed-form query inter-
face. A keyword can be queried against several search indexes. Theredsoo query interface.

The data in COMPEL are also classified in a hierarchy. This hierarchy can be browsed to access single
data items.

In addition, the database can be downloaded as flat file after registration (free!).

Size. No information available.

Literature on COMPEL:


http://genolist.pasteur.fr/Colibri/
http://compel.bionet.nsc.ru
http://compel.bionet.nsc.ru
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[COMPa] O.Kel-Margoulis et al. COMPEL.: a database on composite regulatory elements provid-
ing combinatorial transcriptional regulatiofucleic Acids Researcl28(1):311-315,
2000.

[COMPD] http://compel.bionet.nsc.ru/compel/description.html

A.16 CSNDB: The Cell Signaling Networks Database

Provider and access. The cell signaling networks database (CSNDB) is maintained at the Japanese
National Institute of Health Sciences and can be accessht@ti/geo.nins.go.jp/csndb/

Contents. CSNDB provides data on cell signaling networks from various organisms. Its aim is to
develop more realistic and quantitative models for biological phenomena. Links to the TRANSFAC
(cf. A7I09) and PubMed (cf_A90) databases are implemented.

Data modelling, data storage, and data acquisition. The data are modelled and managed using
the ACEDB software. The complete model can be browsed at [CSNb].

Data are acquired exclusively from the scientific literature.
Data retrieval and query answering. CSNDB can be queried via several different capabilities:

1. Fixed-form query interface: CSNDB provides a simple keyword search and a complex fixed-
form query interface.

2. Ad-hoc query interface: CSNDB can be queried using the ACEDB query language.

In addition, the CSNDB providers classified within an hierarchy. This hierarchy can be browsed to
retrieve single data items.

The ace-files can be downloaded via FTPhdtp://geo.nihs.go.jp/csndb/acedata/

Size. No information available.

Literature on CSNDB:

[CSNa] T. Igarashi and T. Kaminuma. Development of a cell signaling networks database. In
Pacific Symposium on Biocomputjri@7-197, 1997.

[CSNDb] http://geo.nihs.go.jp/cgi-bin/model/wwwace


http://compel.bionet.nsc.ru/compel/description.html
http://geo.nihs.go.jp/csndb/
http://geo.nihs.go.jp/csndb/acedata/
http://geo.nihs.go.jp/cgi-bin/model/wwwace
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A.17 CyanoBase

Provider and access. CyanoBase is build and maintained by the Kazusa DNA Research Institute at
Chiba/Japan and freely accessiblerdatp://www.kazusa.or.jp/cyano/

Contents. CyanoBase provides an online resource for access to data on genomic information about
the cyanobacteriun$ynechocystis spThe database contains annotations for each protein-coding
gene.

Every entry in the database provides a hypertext link to an according GenBafk {cf. A.36) entry via
the integration system DBGET/LinkDB at Genome Net (cf. Chapter]|4.3.2).

Data modelling, data storage, and data acquisition. The database is build upon a relational
DBMS (Sybase). There is no information available about the underlying model. Map interfaces
and presentation of the annotation to each gene were implemented in the home-made JMGD system.
The JMGD software package is available via FTP and includes the Java source code and a set of Perl
scripts. A file of the database in ACEDB format is prepared separately.

Data are acquired from the entire nucleotide sequence databases GenBgnkK (cf. A.36), EMBL (cf.
AZ8), and DDBJ (cf[[A22) and private submissions from the community.

Data retrieval and query answering. Data can be retrieved indirectly by browsing a clickable map

of the genome oBynechocystis sfeighter a Java or a GIF map). When a given position of the map is
clicked, a local map covering the corresponding 90 kb area appears. A second indirect way to retrieve
data from CyanoBase is by a gene category list. This list is a table of gene classification, presented in
an hierarchical manner, with a link to the annotation to each gene.

An interface provides simple keyword search. Similarity search against CanoBase can also be per-
formed. Additional, there are several analysis tools with the database.

Data can also be downloaded in several flat files via FTP. Special formats like FASTA [56] format or
Microsoft EXCEL spread-sheets are provided. One flat file in ACEDB format is available.

There is naad-hoc query interface.

Size. Data are patrtitioned in several flat files (e.g. one file contains only the nucleotide sequences,
and another contains a table of potential protein coding regions), which sizes currently differ between
approximately 70 and 1100 KB.

The ACEDB file of CyanoBase requires (as UNIX TAR file) about 21 MB.

Literature on CyanoBase:


http://www.kazusa.or.jp/cyano/
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[CYBa] Y. Nakamura, T. Kaneko, and S. Tabata. CyanoBase, the genome database for Syne-
chocystis sp. strain PCC6803: status for the year 2080cleic Acids Research
28(1):72, 2000.

[CYBb] http://www.kazusa.or.jp/cyano/

A.18 DAtA: Database ofA. thaliana Annotation

Provider and access. The Database oA. thalianaAnnotation (DAtA) is maintained at Stanford
DNA Sequencing and technology Center at Palo Alto/USA and is accessihigmatfiuggagefast.
Stanford.EDU/group/arabprotein/

Contents. DAtA was created to enable easy access to and analysis of alriedopsisgenome
project annotation. DAtA also contains protein motifs and protein similarities.

The database provides hypertext links to other databases, such as MIPS (cf. A.63) and Genbank (cf.
A-38) via the integrated retrieval system Entrez at NCBI (cf. Chdpier 4.3.4).

Data modelling, data storage, and data acquisition. The data are stored using the relational
DBMS MySQL. Information about the schema are not available.

Data are primarily acquired from GenBank (df._A.36). If no protein annotation is present in the
acquired GenBankrecord, an automated annotation process is performed on the DNA sequence to
generate protein predictions and other information.

Data retrieval and query answering. DAtA provides a fixed-form query interface. The database
can be searched by several fields such as protein or gene name, or chromosome of the according gene,
motif field, and BLAST [4] similarity.

Data are presented as shown in Figurg A.4.

The database can also be browsed by protein names or motif names. The user can choose the pro-
tein/motif of interest out of a list of all available data.

The data of DAtA can be downloaded via FTP in FASTAI[56] format for UNIX, PC and Macintosh
platforms.

Ad-hoc queries cannot be performed against DAtA.

Size. DAtA currently stores about 115 MB of data. The database is routinely updated to include
new GenBank submissions fArabidopsisgenomic sequences.

Literature on DAtA:


http://www.kazusa.or.jp/cyano/
http://luggagefast.Stanford.EDU/group/arabprotein/
http://luggagefast.Stanford.EDU/group/arabprotein/
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Details for Gene F2010.8

34.5 33 33.9
N i i

Gene: F20108
BAC Accession#: AC013454
Product: putative hexose transporter,
Comments: similar to hexose wransporter GE:.CABS2689 [Lycopersicon esculentum]
| Top Elast Hit: |embICAB52689.1 I: (AT1322248) hexose transporter [Lycopersicon esculentm]
|  Elast Score:  [615 | Elast E value: |e-175
| Motif Name Motif location

|SUGAR TRAMNSPORTER SIGMNATURE [383-405
[SUGAR TRAMNSPORTER SIGIMATURE [289-300
|Suga.r fransport proteins. 132-182

|Suga.r TrEnSp ort proteins, 132-180
|SUGAR TRAMSPORTER SISNATUEE [383-405
[SUGAR TRAMNSPORTER SIGIMATURE [289-300
|Suga.r fransport proteins. 132-178

| aa Sequence: Elast se e W

HATVVSHANAE AFEARMTWYWE ICVHIAAVGGLIF GYDIGISGEVWSAMDDF LEEFFEAWW
EREEHVHENNY CEYONOFLOLF TS SLYLAALVASFVASATCSELGRRETMOFASTFFLIG
VGLTAGAWNLVML I IGELFL GF GVGF GNOAVPLFL SETAPANLRGGLNIVE QOLMVTIGIL
IANTVNYFTATVHEYGWRIAL GGAGIPAVILLE GSLLIIETPTSLIERNENEEGEEALER
IRGVDDINDEYES IVHACDIASOVEDPYRELLEPASREPPF ITGMLLOLFO0F TG INATHE
YAPVLFOTVGE GSDAALLSAVITGS INVLATF WG IYLVORTGRRFLLLOSSWVHMLICOL T
IGITLAFDLGVTGTLGRE ALYV IF VOV VMGF AWSWEPLGWLIP SETFPLETRSAGE &
VAVSCHMFETEVIAQAFLSHML COMREGIFFFF S GWIIVHGLEAFFF IPETEG IATDDMEE
SYWEPHWF WERYMLPEDDHHD IEERNZA

| Exon Locations Strand:plos
24118 34244
34370 35516
35416 35865

FIGURE A.4: Representation of the Information of a Sample Entry in DAtA

[DAtAa] C. Palm, N. Federspiel, and R. Davis. DAtA: database of Arabidopsis thaliana annota-
tion. Nucleic Acids Resear¢8(1):102-103, 2000.

[DAtAb]  http://luggagefast.Stanford. EDU/group/arabprotein/

A.19 DBcat

Provider and access. DBcat maintained and curated at Infobiogen and is accessiblitigt:
fiwww.infobiogen.fr/services/dbcat

Contents. DBcat is a comprehensive catalog of molecular biology databases. Both kinds of links to
other databases are provided:

e Textual references: in flat-files there are texts telling the URL of the provider’s homepage, the


http://luggagefast.Stanford.EDU/group/arabprotein/
http://www.infobiogen.fr/services/dbcat
http://www.infobiogen.fr/services/dbcat
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URL with the location where to download flat-files (if existing), and the URL of the query
interfaces (if existing) of the according databases.

e Hypertext links: the result of querying DBcat by using the query by hame interface at Infobio-
gen is represented in a browsable HTML-format (see Fifure A.5, right). This format represents
the URLs mentioned above as hypertext links.

Data modelling, data storage, and data acquisition. DBcat is implemented as one flat file. All en-

tries are structured explicitly. The entry structure consists of a list of fields and their associated values
(e.g. the “NAME”" field describes the name of the database). The database entries are grouped into
eight classes according to the application domain (e.g. DNA, RNA, Protein, etc.). The "DOMAIN"
field of each entry indicates which classes the entry belongs to. It is remarkable that one entry may
belong to more than one application domain. In addition to the flat file containing the whole DBcat
data there are also flat files containing only the entries of one application domain. Seq Figure A.5 for
a sample entry of DBcat in flat file format and in HTML format, as the result of a web-based query.

AL DECO000Z AL DECO000Z

HAME AL HRME ALV

DOHATH IHA DOMATH IHA

LESCRIPTION subset of representative Alu repeat seqments {Human and IESCRIFTION subset of representative Alu repeat segqments (Human and
DESCRIFTION other prinate) DESCRIFTION other primate)

CHECKED 3 CHECKED -

AUTHOR, Claverie 7. H. AUTHOE. tlaverie J. H.

R = BA -

RT o BT 3

L = BL -

B SeqAnalRef: RX seqAnalpef:

ORIGIHAL-SITE  HCBI, Hational center for Biotechnology Infomation ORIGINAL-SITE NCBI, Watiowal center for Biotechwology Imformation
ADTERESS Hational Library of Medicine, 38R, SHBOS ADTERESS Hational Library of HMedicine, 3%a, SHEOS
ADDEBESS 8600 Rockville Pike ALDRESS 2600 Rockville Pike

ALDRESS Bethesda, WD 20834 ALDRESS Bethesda, WD 20894

ADDRESS . 5.8, ADDRESS 1. 5.8,

CONTACT infofnebi.nlm. nih, gov CONTACT infofnebi.nlm. nih. gov

SUBHIT e SUBMIT #

VEL-FTF ftp: ffnchi.nln. nih. gowfpub/ nef aluf URL-FTP ftp:ffnebi nln. nih. qovipub/ jmef al
URL - - VRL T Z

UBL-QUERY : URL-QUERY 3

BELEASE = BELEASE =

VFDATES 5 VFDATES =

COMMERT & = COMMERTS =

OTHER-3ITE THFOBIOGER OTHER-SITE IKFOBIOREN

ADDEESS 7 e tup Moquet ALDRESS 7 e Gup Hoquet

ALDRESS 34801 willejuif cedex ADDEESS 34801 willejuif cedex

ADDRESS FRANCE ADDRE:S FEANCE

VRL-FTP ftp: /fftp. infobiogen. fr/puby/dbfalu URL-FTE frp: ffftp. infobiogen. fr/pub/dh/aln
VRL -7 = UBL =TT &

VRL-QUERY = URL - UERY 2

VUFDATES G VPDATES i

COMMERT 5 Fomats: fasta, blast COMMERT 5 Fomats: fasta, blast

OTHER-3ITE EMEL outstation, EET OTHER-SITE EMBL Outstation, EBI

ADDEFESS European Bioinfomatics Institute ADDRESS European Bloinfomatics Institute
AODEESS Himton Hall ADIBESS Hinkton Hall

ALDRESS Hirxton, canbridge cE10 1sD AITEESS Hinxton, Cambridge cE10 15D
ADDRESS UK. ADDRESS ..

URL-FTP fp://ftp. ebi. ac.uk/pub/databases/aln URL-FTF Lhp:/fEtp. ebi. o, uk/pub/databases/aln
URL - - URL =TT 5

UBL-QUERY 5 URL-QUERY 3

UFDATES - UPDATES o

COMMERTS - COMMENTS =

FIGURE A.5: Sample entry of DBcat in flat-file format (left) and in “result of query” format (right)
(available at [DBCATD])

Data for DBcat are acquired from the literature, another catalog of molecular biology analysis tools
called BioCatalog (provided at EBI), and private submissions via a Web form. New databases are also
searched in the Web by search engines or biology-oriented web-sites. Providers of databases that are
added to DBcat can validate the entry of their databases. After that each validated entry in DBcat is
marked as "CHECKED".
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Data retrieval and query answering. Data of DBcat are accessible in three ways:

e The flat-files of DBcat can be downloaded via FTP Hp://ftp.infobiogen.fr/
pub/di/dibcat

e A web interface is available at the Infobiogen homepage [DBCATb] with a simple query by
name interface and a possibility to browse through a classification by contents of the databases.

e Data of DBcat can also be retrieved by the Sequence Retrieval System of EBI (SRS, cf. Chapter
@.3.7), e.g. athttp://www.infobiogen.fr/srs/

There is naad-hoc query interface at Infobiogen.

Size. In the end of October 2000, DBcat consists of 513 databases classified into eight classes. In
November 2000, the flat file requires 594 KB. The sizes of the eight flat files representing the eight
contents classes are between 19 KB (division “Structure”) and 109 KB (division “Miscellaneous”).

Literature on DBcat:

[DBCATa] C. Discala et al. DBcat: a catalog of 500 biological databasesleic Acids Research
28(1):8-9, 2000.

[DBCATD] http://www.infobiogen.fr/services/dbcat

A.20 dbEST

dbEST is a division of GenBank (df.AJ36) providing annotated EST sequence data.

A.21 dbSNP

Provider and access. dbSNP is maintained at the National Center for Biotechnology Information
(NCBI) at Bethesda, USA. It can be accessecd#p://www.ncbi.nim.nih.gov/iSNP/

Contents. dbSNP is a database on single nucleotide polymorphisms (SNPs) to address the large-
scale sampling designs required by association studies, gene mapping, and evolutionary biology. It is
cross-linked with other databases at the NCBI such as GenBark{cf. A.36) and PubMedT{cf. A.90).

Data modelling, data storage, and data acquisition. dbSNP is implemented using the relational
DBMS Sybase. The underlying entity-relationships model is documented at [SNPD].

Data are acquired from the other NCBI databases (primarily GenBank, cf] A.36) and the research
community. A submission tool manages the submissions of the research community.


ftp://ftp.infobiogen.fr/pub/db/dbcat
ftp://ftp.infobiogen.fr/pub/db/dbcat
http://www.infobiogen.fr/srs/
http://www.infobiogen.fr/services/dbcat
http://www.ncbi.nlm.nih.gov/SNP/
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Data retrieval and query answering. dbSNP can be searched via several complex fixed-form query
interfaces. There is nad-hoc query interface (although two fixed-form query interfaces are termed
“free-form query interfaces”).

The queries are most likely executed by Entrez (cf. Chdpter 4.3.4), the database integration tool and
querying system of NCBI.
There is no hierarchy to browse through for data retrieval.

In addition, the entire database is distributed in several flat files. The entries in these files are explicitly
structured using line types. The files can be downloaded via FTRpatincbi.nim.nih.
govisnp/

Size. No information available.

Literature on dbSNP:

[SNPa] J. Ponomarenko. dbSNP: a database of single nucleotide polymorpNisceic Acids
Research28(1):352-355, 2000.

[SNPD] http://www.ncbi.nlm.nih.gov/SNP/dbSNP_work000401_gif _
frame.htm

A.22 DDBJ: The DNA Data Bank of Japan

Provider and access. The DNA Data Bank of Japan (DDBJ) is maintained at the National Institute
of Genetics (NIG) in Mishima, Japan. It can be accesseiitai://www.ddbj.nig.ac.jp/

Contents. DDBJ provides all publicly available nucleotide sequences in tight collaboration with
GenBank (cf[A:36) and EMBL (cf_A.28). Hypertext links to several external databases are provided.

Data modelling, data storage, and data acquisition. DDBJ is implemented using the relational
DBMS Sybase. The underlying relational schema is discussed in [DDBJb].

Data are acquired primarily from the research community and the collaborating databases (see above).
Specialised tools can be used to submit data to DDBJ.

Note: The three collaborating databases (DDBJ, EMBL, and GenBank) have defined a feature table

that determines which information is added to the annotated sequences in all databases. In fact, the
structure of the flat file release of each database is slightly different in syntax and semantics, but an

entry in one of the collaborating databases contains exactly the same information as the corresponding
entries in the other collaborating databases.

Data retrieval and query answering. DDBJ can be accessed through several fixed-form query in-
terfaces. There is nad-hoc query interface, nor a classification of the data that can be browsed. A


ftp://ncbi.nlm.nih.gov/snp/
ftp://ncbi.nlm.nih.gov/snp/
http://www.ncbi.nlm.nih.gov/SNP/dbSNP_work000401_gif_frame.htm
http://www.ncbi.nlm.nih.gov/SNP/dbSNP_work000401_gif_frame.htm
http://www.ddbj.nig.ac.jp/
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local Sequence Retrieval System (SRS[Cf. #.3.7) server at NIG provides additional retrieval capabili-
ties.

In addition, the entire data are released in several flat files. These files are available for download via
FTP at:ftp://ftp.ddbj.nig.ac.jp/

Size. Detailed information is available at [DDBJc].

Literature on DDBJ:
[DDBJa] Y. Tateno etal. DNA Data Bank of Japan (DDBJ) in collaboration with mass sequencing
teams.Nucleic Acids Resear¢8(1):24-26, 2000.

[DDBJb] H. Kitakami et al. Building and search system for a large-scale DNA database. In:
Schulze-Kremer S. (editorAdvances in Molecular Bioinformatic$OS Press, 1994,
123-138

[DDBJc]  http://www.ddbj.nig.ac.jp/ddbjnew/statistics-e.html

A.23 DIP: The Database of Interacting Proteins

Provider and access. The Database of Interacting Proteins (DIP) is maintained at UCLA, Los An-
geles,USA. It is accessible dtttp://dip.doe-mbi.ucia.edu/

Contents. DIP is a database that documents experimentally determined protein-protein interactions.
It provides hypertext links to several other databases.

Protein 2 Interaction ~ Experiment

FIGURE A.6: Basic schema of DIP

Data modelling, data storage, and data acquisition. Originally, DIP was a flat file database. But

to handle effectively the growing body of data, the database has been re-implemented. Now the data
are stored in the relational DBMS MySQL. The schema of the database consists of three linked tables
as shown in Figuré Al6. The “Protein” table contains information about a protein entry and links
(textual references) to sequence databases. The “Interaction” table describes information about a
protein interaction. Each interaction is based on two participating proteins. The “Experiment” table
describes details about experiments used to detect the interactions. One experiment can be determined
by several experiments.

See [DIPa] for further information.

New data are currently only acquired from the scientific literature. New data items are added manually.


ftp://ftp.ddbj.nig.ac.jp/
http://www.ddbj.nig.ac.jp/ddbjnew/statistics-e.html
http://dip.doe-mbi.ucla.edu/
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Data retrieval and query answering. DIP can be search via a fixed-form query interface. The
search can be performed against the entire database (keyword search) or against several fields of DIP.
Additional the data can be downloaded in flat files. A data file in a special format and a file in FASTA
format are provided.

There is noad-hoc query interface. There is also no hierarchy that can be browsed for indirect data
retrieval.

Size. Currently the complete database as a file requires about 4.2 MB.

Literature on :

[DIPa] I. Xenarios et al. DIP: the database of interacting proteMscleic Acids Research
28(1):289-291, 2000.

[DIPDb] http://dip.doe-mbi.ucla.edu/

A.24 DSMP: The Database of Structural Motifs in proteins

Provider and access. The database of structural motifs in proteins (DSMP) is availabliatad:
fiwww.cdfd.org.infdsmp.htmi

Contents. DSMP contains data on structural motifs in proteins such as data relevant to helices,
strands, and turns. The data were produced using the PROMOTIF program (developed by Hutchinson
and Thornton, 1996) out of the 10 213 proteins in release 89 of the PDB (Cf] A.75). Data are also
available for a representative data set of 1 028 proteins. These data were also produced as mentioned
above.

Data modelling, data storage, and data acquisition. The results of PROMOTIF are not available
in web-based form so the structural motif data were converted into flat file format.

The data are organised in several flat files, each
consisting entries with the same structural mo- iésnia

HD CHAPERORINA

tif. E.g. in the "HELIX” file there are only | & x
entries providing a helix. Figuje’A.8 shows an = 4
information page about the HELIX section of 32 “amms e

LH 33.30

DSMP generated by SRS (cf. Chapfer4.3.7).= 1:s
Each entry is explicitly structured using ling % &5
ES 2.6

types_ A Sample entr‘y (Of the HELIX section) = THEmmorLAswA AcIDOPHILUM, GROVF II CHAPEROWIN, CCT, TEIC,

i 2 PROTEIN FOLDIWG, ATPASE

of DSMP is given in Figur€Al7. s

Itis accounted that the structure of the entries £ ,gyre A.7: A sample entry of DSMP.
may be extended in the future by adding new
fields and new data.


http://dip.doe-mbi.ucla.edu/
http://www.cdfd.org.in/dsmp.html
http://www.cdfd.org.in/dsmp.html
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Data are acquired from the PDB (§f._Al 75) as mentioned above.

HELIX Search HELIX|
The current release has 8694 entries and was indexed 21-Ang-2000.

The order of informaton in each record of Helix iz az follows:

® [D: 4-lerter POB Code followed by stng "HL™ (for Helix), a nomber (Helix position), PDE chain,

# HD: Header information as in PCB.

® NM: Total number of helices within & PDB entry for respectve chain.

® TP: Type; H (alpha Helix), G (3,10 Helix).

® ST Start residue of Helix.

® ED: End residue of Helix.

& LN: Helix Sequence length.

® 5Q: Helix Sequence in single smino acid letter code.

& 58: Mamom 9-letter character string indicating 4 secondary struetures before the Heliz to
4 gecondary stuctres afrer the helix (E:strand, Titom, Hialpha helix, G:3,10 helix).

® LH: Helix length (in Angstrom units).

® UR: Unit rise in helix height (in Angstrom nnats).

® NER.: Number of residues per turn.

® PT: Pitch (in Angstrom units) .

® LX: Linearity of Helix.

® RS: Resolution (in Angstrom units) as in PCE.

® KW: Keywords.

Hutchinson, E. G. and Thomton, J. M. (1996) "PROMOTIE - A program to identfy and snalyze stroctural motfs in proteins” Frovedn Seience 5, 212-220.

wWww hrp:dfs alarjung. embnet. org infdsmp hirnl
aurni@salarjung embret. org.in

FIGURE A.8: Information about the HELIX section of DSMP.

Data retrieval and query answering. Data can only be retrieved using the Sequence Retrieval
System (SRS, cf. Chapter4j3.7).

There is a local SRS server that can be accessed via several entry-points at the DSMP home-page.
The local SRS server can be used to query the database.

Size. Currently (as of Winter 2000) there are approximately 150 000 entries stored in 13 different flat
files ((DSMPb]). DSMP is proposed to be updated periodically as new structures become available.

Literature on DSMP:

[DSMPa] C. Harger et al. Database of structural motifs in protddnginformatics16(4):372-375,
2000.

[DSMPb]  http://www.cdfd.org.in/dsmp.html


http://www.cdfd.org.in/dsmp.html
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General Reaction

Enzymatic React.

‘ Reactions ‘ Pathways ‘ ‘Macmmolecules ‘ Com pounds ‘ ‘ Elements

Polypeptides Protein Complex

FIGURE A.9: Basic class hierarchy of the EcoCyc/MetaCyc schema (according to [ECOCDb])

A.25 The EcoCyc and MetaCyc Databases

Provider and access. EcoCyc and MetaCyc databases are maintained at the Atrtificial Intelligence
Center, SRI International, (California/USA) and are available at:
nitp:/fecocyc.pangeasysiems.com/ecocyc/

Contents. EcoCyc describes the metabolic and signal-transduction pathwa&yscofi, its enzymes
and its transport proteins. MetaCyc is a metabolic pathway database that describes pathways and
enzymes of many different organisms, with a microbial focus.

Both databases overlap each others for they both contain all pathwaysaf small-molecule
metabolism.

Data modelling, data storage, and data acquisition. Both the EcoCyc and the MetaCyc data are
stored within a frame knowledge representation system (FRS) called Ocelot. Ocelot is developed by
the Ecocyc/MetaCyc group at SRI International. FRSs use an object model. Both databases are build
upon the same schema. The basic class hierarchy of this schema is shown i Figure A.9.

Every class has a set of attributes describing their properties.

Pathway data are represented using a predecessor list (cf. Cpapter 5 on this approach to model
metabolic pathways).

EcoCyc is implemented in Common Lisp with a graphical interface toolkit called Common Lisp
Interface Manager (CLIM). Several consistency constraints in the databases ensure the correctness of
the existing data as well as of new entries.

Data were originally acquired mainly from EcoGene (cf._A.26), ENZYME [Ccf._A.30), several other
databases, and the scientific literature.


http://ecocyc.pangeasystems.com/ecocyc/
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New data seem to be acquired by the scientific literature, but there are no explicit information on the
sources of new data.

Data retrieval and query answering. The user must be registered before accessing data from Eco-
Cyc/MetaCyc (see [ECOCc]). Academic users are free of charge.

The data can be accessed through the web interface at the EcoCyc/MetaCyc homepage ([ECOCc]) or
can be obtained via download as a software package that bundles together the GUI and the databases
(for a local installation). This package only runs on a Sun workstation.

The web interface at [ECOCc] provides an integrated GUI with several analysis tools and (fixed-
form) query interfaces. There is also the possibility to expeelsboc queries in an “home-made”
declarative query language. The results of a query can be saved in a history list. A comprehensive list
of all fixed-form queries supported by the GUI of the two databases can be obtained from [ECOCDb].

The user can also navigate following several hypertext links to access data (for example a browsable
map of theE. coligenome is provided, or from a pathway drawing the user can navigate to a super-
pathway that contains it, ofice versa.)

Size. EcoCyc consists of approximately 10 000 objects, MetaCyc consists of approximately 6 500
objects. Detailed information on the current size of each class (number of instances) can be obtained
from [ECOCal].

Literature on EcoCyc and MetaCyc:

[ECOCa] P.Karp etal. The EcoCyc and MetaCyc Databasasleic Acids Researc8(1):56-
59, 2000.

[ECOCDb] P. Karp et al. EcoCyc: Encyclopedia of E.coli Genes and MetaboMumleic Acids
Research25(1):43-51, 1997.

[ECOCc] http://lecocyc.pangeasystems.com/ecocyc/

A.26 EcoGene: A Genome Sequence Database fércoli

Provider and access. EcoGene is maintained at the University of Miami School of Medicine, De-
partment of Biochemistry and Molecular Biology, Miami/lUSA and publicly availableiatp:
fiomb.med.miami.edu/EcoGene/EcoWweb

Contents. EcoGene contains gene and protein sequencésatfli. The original data were obtained

from GenBank (cf[/A:36) using several tools. Nevertheless, annotation of the sequences in EcoGene
differs from GenBank annotation (see below). Thus, EcoGene provides an alternative vieweon the
coli gene and protein annotation, which seemingly is useful for the design of Biluali research


http://ecocyc.pangeasystems.com/ecocyc/
http://bmb.med.miami.edu/EcoGene/EcoWeb
http://bmb.med.miami.edu/EcoGene/EcoWeb
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and database projects. E.g. SWISS-PROT[(Ci."A.103), EcoCyL (ci] A.25), and Coliljri(cf. A.14) are
populated by (among others) the EcoGene data or utilise special features of EcoGene.

EcoGene provides more than 12 000 cross-references (hypertext links) to literature citations and ab-
stracts

Data modelling, data storage, and data acquisition. EcoGene seems to have a relational data
model. But all data are stored in flat files even the tables.

EcoGene flat files contain the following data sets:
o files storing the tables of the "data model”

o files storing the sequences of the genes and proteins (files containing all sequences are as well
available as files containing only one individual sequence)

¢ a file containing a graphic representation of the gene map in PDF format

The gene map is converted out of the ECMAIN and ECMAP tables using the so called Print map
C program. The list of tables can be viewed and browsedhp://bmb.med.miami.edu/
EcoGene/EcoWeb/CESSPages/FiLES/Tabies/

New data are no longer acquired (tBecoli genome is fully sequenced).

Data retrieval and query answering. At [ECOGDb] there is a simple text search interface. The
results are represented via the so called GenePage as shown in[Figuire A.10. The GenePage provides
several information and (among others) the following links to special datasets for each gene:

e Bibliography: bibliographic references according to the entry

e DNA Sequence: no-structured (raw ASCII) nucleotide sequence of the entry

e Protein Sequence: no-structured (raw ASCIl) amino acid sequence of the product of the entry
e several hypertext-links to other databases (e.g. Colibri, SWISS-PROT, etc.)

No ad-hoc or free-form query interfaces are provided.

All datasets mentioned above can be retrieved by download via FTP, such as the PDF file with gene
maps, gene sequences, tables (for each gene the gene tables tell the position of the gene on the genome,
i.e. the start and end of the gene), etc.

Size. No information available.

Literature on EcoGene:

[ECOGa] K. Rudd. EcoGene: a Genome Sequence Database for E. coli Kid@eic Acids
Research28(1):60-64, 2000.

[ECOGDb] http://bmb.med.miami.edu/EcoGene/EcoWeb


http://bmb.med.miami.edu/EcoGene/EcoWeb/CESSPages/FILES/Tables/
http://bmb.med.miami.edu/EcoGene/EcoWeb/CESSPages/FILES/Tables/
http://bmb.med.miami.edu/EcoGene/EcoWeb
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GenePage for the Aisd gene of Escherichin coli E-12 from EcoGene

<:] Fritoary Gens Warae: his & @
EcoGene Accession Numbee: EG10444

Gene Naraz Muernonic: Histidine
Alteenate Gene Symbols: Mone
Bibliography
DA Sequence

Description:
M- {5 - phusphu - L- vibosyl forniroing - 5 - arning - 1-§5° - phiosphoibomrl - 4 - imidazolecazborarnide 636 isornetase

Product Length: 245 aa Protein 3equence
Gene Quality: OK

Orientation on cheormoserne: Clockwise

Genomdc Address

Left End: 2093147 bp
<j Right End: 2093884 bp |:>

Biruste o Centisorne (%) = 43,127

Links to other £, colf Database Records
Colibr: hisd
SWISS-PROT: P10371
Coli Genetic Stock Center: CG-636
EcoCye: his#
U Wigconsin Genbank Record: U ha02d, NCE] PID ¢ 788335

Ecodearch GenePage [ndex

FIGURE A.10: GenePage for the a sample EcoGene entry.

A.27 EID: The Exon-Intron Database

Provider and access. The Exon-Intron Database (EID) is maintained at Harvard University at Cam-
bridge/USA. It is accessible ettp://mcb.harvard.edu/giibert/eID/

Contents. EID contains information about protein-coding intron-containing genes. It provides text
references to GenBank (¢f_A136).

Data modelling, data storage, and data acquisition. EID consists of three flat files. One file
stores the DNA sequences in FASTA format. It is directly constructed out of the GenBank files. A
second file stores the protein sequences in FASTA format. This file is generated by translating all
sequences of the first file. Thus every entry storing information about a gene or protein starts with a
">" sign as required by the FASTA program. The third file contains GenBank header information for
all sequences in the first two files. The header information of each entry is extracted from the header
portion of the corresponding GenBank entry. See [EIDa] for more details.

Summarising, data are derived from GenBank by parsing special files from GenBank flat file release.


http://mcb.harvard.edu/gilbert/EID/
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Data retrieval and query answering. There are no fixed-form and no ad-hoc query interfaces. The
data can only be downloaded: Each of the three files are available in UNIX and MS Windows zipped
format. An entire distribution including tools, markers, and the files is also available for download.

Size. EID contains information about more than 51 000 genes. The uncompressed files require
currently about 450 MB. As of Winter 2000 the entire distribution including tools, markers, and the
files requires 800 MB. See the EID homepage for up-to-data information.

Literature on EID:

[EIDa] S. Saxonov et al. EID: the Exon-Intron Database — an Exhaustive Database of Protein-
Coding Intron-Containing Geneblucleic Acids Researc8(1):185-190, 2000.

[EIDDb] http://mcb.harvard.edu/gilbert/EID/

A.28 EMBL: The European Molecular Biology Laboratory Sequence
Database

Provider and access. The European Molecular Biology Laboratory Sequence Database (EMBL) is
maintained at the European Bioinformatics Institute (EBI) at Cambridge, UK. It can be accessed at:
http://www.ebi.ac.uk/iembi/

Contents. EMBL provides all publicly available nucleotide sequences in tight collaboration with
GenBank (cf.[A-36) and the DNA Data Bank of Japan (DDBJ/[Cf. A.22). Hypertext links to several
external databases are provided.

Data modelling, data storage, and data acquisition. The EMBL database is internally imple-
mented using the relational DBMS Oracle. There is no information about the underlying relational
database schema available. In addition, the entire database is stored in many flat files consisting of
explicitly structured entries. A sample entry of EMBL flat file release can be browsed at the EBI
homepage.

Data are acquired primarily from the research community and the collaborating databases (see above).
Several tools assist computer-based direct submission of data from laboratories.

Note: The three collaborating databases (DDBJ, EMBL, and GenBank) have defined a feature table

that determines which information is added to the annotated sequences in all databases. In fact, the
structure of the flat file release of each database is slightly different in syntax and semantics, but an

entry in one of the collaborating databases contains exactly the same information as the corresponding
entries in the other collaborating databases.

Data retrieval and query answering. EMBL can be accessed via a simple fixed-form query inter-
face. There is nad-hoc query interface. EMBL data can also be accessed using a local Sequence


http://mcb.harvard.edu/gilbert/EID/
http://www.ebi.ac.uk/embl/
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Retrieval System (SRS, cf. Chap[er4.3.7) server at the EBI.

There is also a classification of the data by organism that can be browsed to retrieve single data items.
In addition, the entire database can be downloaded via FTipatftp.ebi.ac.uk/pub/

databases/embi/

The flat file release consists of 17 divisions each consisting of one or more files (see [EMBLb] for
details).

Size. Detailed information can be obtained at [EMBLc].

Literature on EMBL.:

[EMBLa] W. Baker et al. The EMBL Nucleotide Sequence Databdsecleic Acids Research
28(1):19-23, 2000.

[EMBLb] http://www.ebi.ac.uk/embl/Documentation/User_manual/user_
manuai.ntmi

[EMBLc] http://www3.ebi.ac.uk/Services/DBStats/

A.29 EMGLIib: The Enhanced Microbial Genomes Library

Provider and access. EMGLIib can be accessed through two databases installed on WWW servers:

e Server at the Bioinformatic Pole of Lyon (PBIL):
http://pbii.univ-iyonl.friemgiib/emgqiib.htmi

e Server at the INRA Microbial Genetic Laboratory:
http://iocus.jouy.inra.fr/micado

EMGLIb is maintained by both research groups.

Contents. EMGLIb contains all procaryotic genomes completely sequenced and the yeast genome.
This data is annotated with some improvement compared to the other common sequence databases
such as GenBank (cf—A1B6) or EMBL (df—A]28).

The database provide hypertext links to SWISS-PROT[{cf. A.103) and GenBafnk{df. A.36).

Data modelling, data storage, and data acquisition. EMGLIb originally is a flat file database.

The structure of the data entries are similar to the GenBank format (as GenBank is the most important
source for data acquisition). Some corrections and additions to the original GenBank genome entries
are performed. E.g. a new line type "Codon Adaptation Index” (CAl) value is added under the


ftp://ftp.ebi.ac.uk/pub/databases/embl/
ftp://ftp.ebi.ac.uk/pub/databases/embl/
http://www.ebi.ac.uk/embl/Documentation/User_manual/user_manual.html
http://www.ebi.ac.uk/embl/Documentation/User_manual/user_manual.html
http://www3.ebi.ac.uk/Services/DBStats/
http://pbil.univ-lyon1.fr/emglib/emglib.html
http://locus.jouy.inra.fr/micado
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keyword "/CAI", cross-references pointing to SWISS-PROT under the keywordxfdfi, etc. (see
[EMGLa] for further information).

The implementation of the two web servers is different:

e at PBIL EMGLIb is implemented using a "home-made” DBMS called ACNUC. This system
is also a retrieval system for the nucleotide sequence and protein sequence databases. ACNUC
consists of indexed flat files. See [EMGLc] for further information on ACNUC.

e at INRA EMGLIb is implemented using a networked relational database called MICADO (for-
merly known as MadBase), which uses the commercial DBMS Oracle and for a portable version
the ACEDB software. See [EMGLDb] for more detailed information on MICADO (respectively
MadBase).

Sequence data are acquired from the genome division of GenBank and the NRSub database.

Species Send | M odify | Retrieve | Releases Help

Datsbank: EMGLib - |

Selecton crtera;

L DEFAULT = |  Repword | [T
w0 o] e ] |
3 AND | Rewod o |:
4 AND |  Reywod | _’g

List name: | 1145t SUBMIT | CLEAR |

FIGURE A.11: Complex fixed-form query interface of EMGLIib at PBIL.

Data retrieval and query answering. There are three simple interfaces provided by ACNUC to
query keywords against a special line type ("keyword”, "sequence name”, and "accession number”).
A more complex fixed-form query interface at PBIL integrates local copies of several flat file databases
such as GenBank, EMBL, SWISS-PROT, etc. Search can be performed simultaneously against four
line types of the databases (see Figure A.11). The results are represented in raw ASCII format with
embedded hypertext links. EMGLIib can also be accessed through the Sequence Retrieval System

(SRS, cf. Chaptgr4.3.7) at the PBIL home page.

At INRA EMGLIb data can be accessed directly through a simple fixed-form query interface or indi-
rectly following hypertext links to HTML representations of the browsed entries. Access to text only
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representations is also provided. The standard analysis tools such as BLAST and FASTA are within
the database and accessible at the INRA home page.

Additional an EMGLIib release is also available for download via FTP. This release contains:

e The flat version of EMGLIib in GenBank format.
e The ACNUC index tables

¢ Two help files used respectively with the Query and Queity programs

The architectures presently supported are: Sun/SPARC. IBM RS/6000, DEC Alpha, Silicon Graphics,
HP/UX, Macintosh, and Windows 95

Size. No information available. Both servers are updated at each new GenBank, EMBL, SWISS-
PROT, and PIR release.

Literature on :

[EMGLa] G. Perriere, P. Bessieres, and B. Labedan. EMGLib: the Enhanced Microbial Genomes
Library. Nucleic Acids ResearcR8(1):68-71, 2000.

[EMGLb] V. Biaudet, F. Samson, P. Bessieres. MadBase: a Networked rel. Database for Microbial
Genomes. Available athttp://iocus.jouy.inra.fricgi-binfgenmic/
madbase\protectiunhbox\voidb@x\kern.06em\vbox{\nruiewidth.
3emjhome.pi

[EMGLc] http://pbil.univ-lyonl.fr/databases/acnuc.html

A.30 ENZYME

Provider and access. The ENZYME database is developed and maintained at the Swiss Institute of
Bioinformatics, Geneva. It can be accesse#p://www.expasy.ch/enzyme/

Contents. The ENZYME database contains information related to the nomenclature of enzymes.
For each type of enzyme it lists several pieces of information such as EC number, recommended
name, catalytic activity, etc. [ENZa]. Hypertext links to external databases such as among others
SWISS-PROT (cf[AI0Q3) and PROSITE (€f._A.85) are provided.

Data modelling, data storage, and data acquisition. ENZYME is a flat file database consisting of
entries. An entry is explicitly structured using defined line types (indexes), each with its own format
. For standardisation proposes the format of ENZYME follows as closely as possible that of the
SWISS-PROT (cf.[AI03) and EMBL (cfi_A.R8) sequence databases. A sample entry is shown in
[ENZa].


http://locus.jouy.inra.fr/cgi-bin/genmic/madbaseprotect unhbox voidb@x kern .06emvbox {hrule width.3em}home.pl
http://locus.jouy.inra.fr/cgi-bin/genmic/madbaseprotect unhbox voidb@x kern .06emvbox {hrule width.3em}home.pl
http://locus.jouy.inra.fr/cgi-bin/genmic/madbaseprotect unhbox voidb@x kern .06emvbox {hrule width.3em}home.pl
http://pbil.univ-lyon1.fr/databases/acnuc.html
http://www.expasy.ch/enzyme/
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In addition to the plain text file there is a flat file version structured using ANS.1 [5]. The ANS.1
specification of the ENZYME database is availablef@t//ftp.expasy.org/databases/
enzymejasn/enzspec.ash

Data are acquired from the International Union of Biochemestry and Molecular Biology (IUBMB)
and the scientific literature. In addition, a tight cooperation with SWISS-PROT{cf. JA.103) ensures
data exchange with another database.

Data retrieval and query answering. ENZYME can be queried via a simple fixed form query in-
terface. There is nad-hoc query interface. A second possibility to query keywords against searchable
indexes is to access ENZYME via SRS (cf. Chapter #.3.7).

The enzymes stored in ENZYME are structured in a hierarchy according to the EC numbers. The user
can browse through this hierarchy to retrieve single data items.

In addition, the flat files (ENZYME-format and ANS.1 format) can be downloaded via FTigat:
fifip.expasy.org/databasesienzyme/

Size. Currently the entire flat file in ENZYME-format requires approximately 1.5 MB where as the
entire ANS.1 version of ENZYME requires about 4 MB.

Literature on ENZYME:

[ENZa] A. Bairoch. The ENZYME database in 2008ucleic Acids Researci28(1):304-305,
2000.

[ENZb] http://lwww.expasy.ch/txt/enzuser.txt

A.31 EPD: The Eukaryotic Promotor Database

Provider and access. The Eukaryotic Promoter Database EPD was designed and developed at the
Weizmann Institute of Science in Rehovot (Israel) and is currently maintained at the Swiss Institute
of Bioinformatics in Lausanne. It can be accessedai://www.epd.isb-sib.ch/

Contents. EPD is an annotated non-redundant collection of eukaryotic promoters, for which the
transcription start site has been determined experimentally. It provides hypertext links to external
databases such as among others EMBL[{(Cf.]JA.28), MGD{cf.]A.62), and SWISS-PRQT (cf] A.103).

Data modelling, data storage, and data acquisition. Most likely EPD is implemented as a flat
file database. The flat file release contains of entries that are explicitly structured through line types
(search indexes). A detailed description of the different line types used in EPD is given in [EPDb].

There is no information about data acquisition of EPD.


ftp://ftp.expasy.org/databases/enzyme/asn/enzspec.asn
ftp://ftp.expasy.org/databases/enzyme/asn/enzspec.asn
ftp://ftp.expasy.org/databases/enzyme/
ftp://ftp.expasy.org/databases/enzyme/
http://www.expasy.ch/txt/enzuser.txt
http://www.epd.isb-sib.ch/
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Data retrieval and query answering. EPD can be accessed via two different fixed-form query
interfaces. Several search indexes can be searched by keywords. A combined search of several key-
words against different search indexes using boolean operators is also provided. Thesé-l®tno

query interface nor a browsable hierarchy for data retrieval.

The entire database can be downloaded as flat files via FTP. In addition, EPD can be accessed using
the local Sequence Retrieval System (SRS, cf. Chapter 4.3.7) server.

Size. The current flat file of EPD requires approximately 2 MB.

Literature on EPD:

[EPDa] R. Rerier et al. The Eukaryotic Promotor Database (ER)cleic Acids Research
28(1):302-202, 2000.

[EPDDb] http://lwww.epd.isb-sib.ch/current/usrman.html

A.32 ExInt;: The Exon/Iintron Database

Provider and access. The Exon/Intron Database (ExInt) is maintained at the National University of
Singapore/Singapore in collaboration with researchers from the USA and Brazil. It is accessible at:
http://intron.bic.nus.edu.sa/exintexint.ntmi

Contents. ExInt stores information on the exon and intron structure of eukaryotic genes. Features
of ExInt include, among others, intron nucleotide sequences, amino acid sequences, and position of
the introns at the amino acid level. ExInt provides hypertext links and textual references to GenBank

(cf. A.38).

Data modelling, data storage, and data acquisition. The ExInt database is build as a text file in
FASTA citepeli88 format. Each entry contains eight fields of information (see [EXINTa]). Additional
to the entire ExInt file there are four more files containing only special data of ExInt:

¢ afile containing only data about predicted introns
¢ afile containing only data about experimentally defined introns
¢ a file containing only data about organelle introns

¢ afile containing only data about nuclear introns

Data are generated from GenBank (Cf._A.36) using specialised parsing tools. See [EXINTa] for further
information.


http://www.epd.isb-sib.ch/current/usrman.html
http://intron.bic.nus.edu.sg/exint/exint.html
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Data retrieval and query answering ExInt can be searched for similarity by a reference sequence
(using BLAST [4]) or by keywords. Data can be retrieved by download of one of the five files (entire
database, predicted introns, etc. see above). This requires registration but is free of charge.

There are nad-hoc query or more complex fixed-form query interfaces. There is also no capability
to browse the data.

Size. The current version of ExInt is derived from GenBank release 116 (February 2000). Detailed
information about the size of the file is no provided.

Literature on ExInt;

[EXINTa] M. Sakharkar et al.

28(1):191-192, 2000.

Exint: an Exon/Intron Databas&lucleic Acids Research

[EXINTDB] http://intron.bic.nus.edu.sg/exint/exint.html

A.33 FIMM
Provider and access. The FIMM (Functional molecular IMMunology) database is maintained by
fimmj .

Contents. FIMM contains data relevant to functional molecular immunology. FIMM is cross-linked

by hypertext links with several other databases, such as MedLine{ci. A.59), OMIMTct. A.72), IMGT
(cf. B&41), GenBank (cfCAZ36), SWISS-PROT (€f_A-103), etc.

Tadle 1. FIMM dote dimensions
iProtein antigens Peptides MHC (HLA) Diseases Sowrces
o 1D 1T 10 PMID
Frate Date Date Dare Title
o Bequence Mame. Mame Anthors
Al MHC Aliases Aliases Joumal
Hont T-cell epitope Sequence Etiology Links
ta Naturally processed Cisease assoc. Descnption ~Pubkded
A Peptide binding Binding pockets Disease association
Beatica Links : B]_.nd.l_.ng sites CL8 Links : :
_Li —Prot. antigens Binding sites TcR ~Protein antigens
seages :
= Alignments -MHE
:g’fiuf-{;;;ROT ~Bonrces Borces —Bources
Chenbank ~-MHCFEP Links ~OMIM
-SYFPAETHY -Peptides -GeneCards
- HIViB -Dizeases ~Genatlas
- SWISSPROT ~IMGT darabase

FIGURE A.12: The current FIMM data model has five dimensions (or views)
tides, MHC (HLA), diseases, and publication sources (taken from [FIMMDb]).

. protein antigens, pep-
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http://sdmc.krdl.org.sg:8080/fimm/
http://sdmc.krdl.org.sg:8080/fimm/
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Data modelling, data storage, and data acquisition. FIMM is a flat file repository that consist of
data entries. The current "data model’has five views as shown in Higurg A.12.

Data in FIMM are mainly acquired from the scientific literature and other databases.

Data retrieval and query answering. FIMM is searchable via a fixed-form query interface. The
database can be queried for specific information within one of the particular views mentioned above

(see also Figurg A12).
There is naad-hoc query interface and no flat file release for download.

Several analysis tools such as BLAST [4] are with the database.
Data cannot be browsed or downloaded via FTP as flat files.

Size. Currently FIMM contains 5428 entries. Information on the size of the files are not provided.

Literature on FIMM:

[FIMMa] C. Sclonbach et al. FIMM, a Database of Functional Molecular Immunoldicleic
Acids Researgh28(1):222-224, 2000.

[FIMMb]  http://sdmc.krdl.org.sg:8080/fimm/

A.34 FlyBase

Provider and access. FlyBase is maintained by the FlyBase Consortium, which is an international
collaboration between several academic institutes in the USA and Europe. The data in FlyBase can
be accessed at independent, but hyper-linked, WWW sites:

e FlyBase Consortiunttp://fiybase.bio.indiana.edu/
e Berkeley Drosophila Genome Projebttp://fruitfly.berkeiey.edu/

e European Drosophila Genome Projeftttp://edgp.ebi.ac.uk/

Contents. FlyBase stores genetic and genomic data aboubDtlesophilaorganisms. It provides
hypertext links to several other databases such as GenbanKT{cf. A.36) and SWISS-PROT/TrEMBL

(cf. AI03).

Data modelling, data storage, and data acquisition. The data are stored using the relational
DBMS Sybase. A comprehensive and detailed description of the underlying schema is available
at [FlyBb].

An underlying ontology is developed in collaboration with SGD [Cf.A]100) and MGD[{cf-]A.62).


http://sdmc.krdl.org.sg:8080/fimm/
http://flybase.bio.indiana.edu/
http://fruitfly.berkeley.edu/
http://edgp.ebi.ac.uk/
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Getting Started
- - Help, &bout FlyEase, Contacts
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FlyBase Reference
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Citing FlyEase

blews, meetngs &

New this month

Drosophila links
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Allied & pelated data
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FlyBase mirrors
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A Database of the
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Data Classes Selected Searches & Tools
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Genes Search Genes, Alleles, Gene Products
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I Search Everything

Genes
References :
Sracks Search Symbols."Namesl
People 1
a Clea:{l

All Search Tools

Data are acquired from the scientific literature, the research community (submissions via a web-based

FIGURE A.13: Homepage of FlyBase.

fill-in form), and other external databases.

Data retrieval and query answering The most simple way to query FlyBase is to use the all-text
interface. Keywords can be searched in the entire database or in determined datasets.

FlyBase data are organised into a variety of data classes for more complex queries and browsing. For
these classes fixed-form query interfaces, that permit field-specific searches, combinatorial queries
and menu-driven selection of controlled vocabularies, are available. Higure A.13 shows the starting

page of FlyBase. The different classes and their query tools can be seen in the top centre. The simple

all-text query form is located below. There is ad-hoc query interface.

Data can additionally be retrieved through download by FTP.

Size. No information available.

Literature on FlyBase:
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[FlyBa] The FlyBase Consortium. The FlyBase Database of the Drosophila Genome Projects
and Community LiteratureéNucleic Acids Resear¢cR8(1):85-88, 2000.

[FlyBb] http://flybase.bio.indiana.edu/.data/docs/refman/
refman-sections.htmi

A.35 GDB: The Human Genome Database

Provider and access. The Human Genome Database GDB is maintained at John Hopkins Univer-
sity in Baltimore, USA and is the official central repository for genomic mapping data resulting from
the Human Genome Initiative. It is accessiblerdtp://www.qdb.org

Size. The Human Genome Initiative is a worldwide research effort to analyse the structure of human
DNA and determine the location and sequence of the estimated 100,000 human genes. In support of
this project, GDB stores and curates data generated worldwide by those researchers engaged in the
mapping effort of the Human Genome Project (HGP).

Hypertext links are provided to the IC sequence databases GenBapk{df. A.36), EMBL{¢f. A.28), and
DDBJ (cf.[A222), as well as OMIM (cfiA72) and the Mouse Genome Database (MGD, ci. A.62).

Data modelling, data storage, and data acquisition. The GDB consists of three distinct databases
(the Human Genome database HGD, the Citation Database, and the Human Genome Registry Database),
which are all modelled and implemented using OPM on top of the relational DBMS Sybase.

All classes in the schemas of the three databases are subclasses of the class “Accessioned Object”.
Attributes of this most general class, which are inherited each of its subclasses, are (among others):
“Accession”, “ID”, “Submitter”, and “Name”.

The three main subclasses of “Accessioned” Object are “HGD” (genomic data), “Citation” (literature
references), and “Registry” (people and organisations).

The OPM schema of GDB allows only four different attribute types: Text, Number, Restricted (i.e.
the value must be one of a pre-defined list of values), and Reference (i.e. the attribute refers to another
object in the database).

We will briefly investigate the schema of the HGD. Detailed information on the schema HGD and
both other databases is accessible at [GDBDb].

Four major classes of the HGD hierarchy are:

¢ "Biological Object”
This class holds information about biological functions associated with instances of other classes
such as "Genes”.

e "Experiment Object”:
This class groups all objects which represent experimental data about maps and their compo-
nents.


http://flybase.bio.indiana.edu/.data/docs/refman/refman-sections.html
http://flybase.bio.indiana.edu/.data/docs/refman/refman-sections.html
http://www.gdb.org
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e "Variation Object”:
This class includes all objects involved in representing genomic variation, both common and
uncommon. Polymorphisms are represented by several objects, each adding different levels of
information and related to the others in a specific manner.

e "Mapping Objects™
This class stores all objects required to represent and display genomic maps.

Data are acquired from the community by submission via dedicated forms. Only laboratories, which
are members of the Human Genome Project, can add data. Submissions of other research groups are
not accepted. Each entry is owned by the submitter. Only the owner or GDB staff is allowed to update
an entry in GDB.

Data retrieval and query answering. GDB provides several ways to execute queries and retrieve
data:
1. Fixed-form queries:

e A simple interface enables the user to search for GDB-ID, keyword or DNA sequence ID
against either "HGD”, "Registry”, "Citation”, or all of them.

e Advanced query interfaces provide with he possibility to use customised, sequence-based,
or generic search forms. Each form generates a view on subsets of the GDB schema.

2. Free-form queries:
Although the OPM tools offer an interface to formulat&hoc queries in the OPM query lan-
guage, there is no free-form query interface accessible via the GDB homepage.

In addition, there are several criteria to browse the data in GDB.
Data are not offered in flat file format by GDB.

Size. As of October 2000 the GDB contains over 15 million objects, including 11 155 genes, 800
pseudo-genes, and 38797 putative genes.

Literature on GDB:

[GDBa] S. Letovsky et al. GDB: the Human Genome Datababkicleic Acids Research
28(1):289-291, 2000.

[GDBDb] http://www.gdb.org/gdb/schema.html

A.36 GenBank

Provider and access. GenBank is maintained at the National Center for Biotechnology Informa-
tion (NCBI) at Bethesda, USA. It can be accessed fatp://www.ncbi.nim.nih.gov/


http://www.gdb.org/gdb/schema.html
http://www.ncbi.nlm.nih.gov/Genbank/
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Locirs SCU492845 5028 bp DHA PLH 21-JUR-1939

DEFIHITIOHN Saccharompces cerewvisziae ToP1-beta gene, partial cds, and Axlip
(AXLZ)Y and Bew?p (BEV?) genes, complete cds.

ACCESSTOHR 49845

VERSIOR U43845.1 GI:1233613
EETWORDS 7
SO0URCE baker's peast.

QREANISM Saccharomyces cerevisiac

Euvkarpota; Fungi; Ascompcota; Hemiascompeetes; Saccharompeoetales;
Saccharomucetaceas; Saccharompoes.
EEFEEREHGE 1 (bases 1 to S028)
AUTHOES Torpen,L.E., Gibbs,FP.E., Helson,J. and Lawrence, C.W.
TITLE cloning and sequence of REW?, a gene whoze function iz required for
DRA damage-induced mutagenesis in Saccharompces cerewisiae
JOUEHAL ~ Yeast 10 ¢11%, 1502-1505 (1994
HMEDLIHE 95176703
BEFERERCE 2 (bases 1 to S0Z&)
AUTHORS Roemer,T., Madden,¥., Chang,T. and Soodec,bd.
TITLE Selection of axial growth sites in weast reguires AxliZp, 2 novel
plasma membrane glpcoprotein
TOURMAL  Genes Dew. 10 (73, 777-793 (13963
HMEDLIHE 96134260
BEFEREHCE 3 fhazes 1 to S028)
AUTHORS Roemer,T.
TITLE Direct Submission
JOUEHAL Submitted (2Z2-FEE-199E) Terry Roemer, Eiology, ¥ale Uniwersity, Hew
Hawen, CT, USA
FEATUEES Locabtionsomalifiers
Source 1..502%
Aocganism="5accharomyces cerewvisiae"
Fdb wref="taron: 4332"
Aohromesome="Tx"
Fmap="9"
LDS <1, 208
Foodon_starck=3
Sproduct="TCcPl-heta"
dprotein id="AAASSEEL. 1"
Fdb_xref="GI:1233614"
dtranslation="35I¥HGIST SGLDLARGTIADMEOL GIVE SYELFRAVY 55ASER
AEVLLEVDAITEARFRTAHEOHM"

e E57. . 3158
Agene="AXLE"
CDS 637, . 3158

Fgene="AXL2"
Anote="plasma membrane glucoprotein”
Foodon start=1
Ffmnction="required for axial budding patteon of 5.
cerewiziae"
Sproduct="Ax1Zp"
fprotein id="AARAISEER. 1"
Adb_xref="GT:1293615"
Atranslation="MTOLOISLLLTATISLLHLYWVATFYEAYPIGEOYFPFVARVAESF
TFOISHDTY RS SWDETAOITYACFDLP SWLEFDSSSRTF SGEPSSDLLEDANTTLYFH
WILEGTDSADSTSLANTY OF VW THRF 5T 5L 5 SDFHLLALLERY 6YTHGERALELOPHE
YFHYWTFDRSMFTHEESIWSY Y GRS OLYHAPLFHWLFFD S GELFFTGTAFWIHSATAFE
TE¥SF¥ITATDIEGF sAVEWEFELYVIGAHOLTT STOHSLITHWTDT GHY SYDLPLAYY
YLODDFIESDEL G STHLLDAPTWY ALDAATT 56 5WPDELL GKH SHPANF SVSIYOTY &
DWIYFAFEWVSTTDLFATSSLPHINATRGEWF S¥¥FLF SOFTDYWHTHY SLEFTHS S0
DHOWWFF 0S SALTLAGEWPEHFDYL SLGLEANOGSOS0ELYFRITI GHD SFITHSHHSA
HATSTRSSHHSTSTSS¥WTSSTEYTAYIS ST SAAAT &5 AF AALF AARKT & SHAFXAVATA
CEVATPLGWILVALI CFLIFWRPRRERPODENLFPHATL S GPOLHHFAHKPHOEHATPLH
HPFDDDASSYDDT STARRLAALHTLELDRHSATESDI S SYDEFRDSLSGHMATYRDOF O
SOSFEELLAFFPWOFFESFFFDF OHRSS5VTHND SEFAVHESWRYT GHLSFVSDIVED S
¥GEOETVITEFLFDLEAPEFEFRT SRDVTME SLOPWHERI S SPWRE VTP SPYHWTE
HEWEHL QHI QD505 6FAGITPTTHST 555DDFVEVED GENF CWWHSHEPDRERE SKERL
VDF SHESHWHY GOVEDIHGRIPEML"

FETE complemnsnt {2300,  4037%

4
2

cDs complement (3300,  4037)
1l

Foodon_start=1
Jproduct="RevwTp"
dprotein id="AAAYSEE?. 1"
Adb_xref="GI:1233616"
Ftranslation="HWAETVELEYVYLECYIHLILFYRFRWYFPPOSFOYTTY 0SFHLE O
FWPIHEHF ALIDYTEELILDVL SKLTHVYREF 51 CITHEFNDL CIERYVLIDFSEL OHVD
¥DODOIITETEWFDEFRSSLASLIMHLEXLPEVHDDTITFEAVIHATELEL GHELDERE
EVDSLEEFAEIERDSHWWECOEDENLPDHHGF OPPEIFLTSLWGSDWGPLITHOF SEX.
LISGDDFILHGVE S0YEEGESIFGSLE"

EASE COUNT 1510 & 1074 o 535 o 1603

FIGURE A.14: Sample entry of GenBank (taken from [GenBc]).

Genbank/

Contents. GenBank provides all publicly available nucleotide sequences in tight collaboration with
the EMBL Data Library (cf.[A-28) and the DNA Data Bank of Japan (DDBJ[Cf. JA.22). It provides
hypertext links to several other data bases (most of these links via Entrez (cf. Ghapter 4.3.4)) such as
SWISS-PROT (cf[A7I03), PubMed (¢f-A190), OMIM (¢f—A]72), etc.

Data modelling, data storage, and data acquisition. For internal data management, GenBank is
implemented using the relational DBMS Sybase. The underlying relational data model is presented
in [GenBDb] (cf. [43]). For release, the data is converted into several different flat file formats: the
“traditional” GenBank flat file format (see Figure Al14 for a sample entry), an ASN.1 structured flat
file format, BLAST format, etc. All these files are structured explicitly using search indexes. The


http://www.ncbi.nlm.nih.gov/Genbank/
http://www.ncbi.nlm.nih.gov/Genbank/
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ANS.1 formatted files are required for the Entrez system (for details cf. CHapier 4.3.4).

Data are acquired from the scientific community and the two collaborating nucleotide sequence databases
EMBL (cf. BZ8) and DDBJ (cf[A-Z2). Submissions from researchers is piped through two submis-
sion tools calledankltandSequin

Note: The three collaborating databases (DDBJ, EMBL, and GenBank) have defined a feature table

that determines which information is added to the annotated sequences in all databases. In fact, the
structure of the flat file release of each database is slightly different in syntax and semantics, but an

entry in one of the collaborating databases contains exactly the same information as the corresponding
entries in the other collaborating databases.

Data retrieval and query answering. GenBank can be searched against a keyword (simple fixed-
form query interface). The search results are provided and managed by Entrez (cf. Chapter 4.3.4)
the NCBI's integrated database retrieval tool. There iadvhoc query interface, nor a possibility to
browse the data to retrieve single data items.

Data are available as structured flat files in several different formats (see above).

Size. The current size of GenBank is provided fattp://www.ncbi.nim.nin.gov/Genbank/
genbankstats.htmi

Literature on GenBank:

[GenBa] D. Benson et al. GenBarlMucleic Acids ResearcR8(1):15-18, 2000.

[GenBb] H. Kitakami et al. Building and Search System for a Large-Scale DNA Database. In:
S Schulze-Kremer, editoAdvances in Molecular Bioinformaticpages 123-138, I0S
Press, 1994.

[GenBc]  http://www.ncbi.nim.nih.gov/Genbank/

A.37 GIMS: The Genome Information Management System

Provider and access. The GIMS project is developing an object-oriented database of genome and
associated functional information. The first public release is announced for Autumn 2@gat:
flimg.cs.man.ac.uk/gims

Contents. The main focus is on information abdbitcerevisiaeHypertext links to external databases
are provided.

Data modelling, data storage, and data acquisition. In [GIMSa] Paton et al. present a collection
of conceptual data models for genomic data. The data models are implementation-independent and


http://www.ncbi.nlm.nih.gov/Genbank/genbankstats.html
http://www.ncbi.nlm.nih.gov/Genbank/genbankstats.html
http://www.ncbi.nlm.nih.gov/Genbank/
http://img.cs.man.ac.uk/gims
http://img.cs.man.ac.uk/gims

158 APPENDIX A. DIRECTORY OF 120 SELECTED DATABASES

Genome
1
contains | *
Chromosome
1
contains |
ne?(d 0..1 | Chromosome| * 0..1
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1
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FIGURE A.15: Basic Schema digram for genomic data ([GIMSa])

developed using UMLI]8]. The models consist of a basic schema diagram for genomic data (which
models the core data) and other schema diagrams e.g. for protein interaction data (sed Figures A.15
andATH).

The schema diagram for genomic data is devel-
F oped for modeling the fully sequenced genome
of S. cerevisiae Thus the current version pre-
sented in [GIMSa] models the alternate splicing
in its simplest form — even well adequate ®r
cerevisiae

Setects *

1 But it has to be extended if more complex organ-
isms should be modelled. The schema is also
not suitable for modeling mapping data (not yet
fully sequenced genome data). Information on
experiments or on literature are also not mod-
elled so far. In [GIMSa] there is an abstract su-
perclass suggested to allow literature or experi-
mental details to be provided for all classes.

FIGURE A.16: Class diagram for protein interac-
tion data ([GIMSa])
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Other information models which are related to the basic model can be used to describe experiments
and their results.

For example the class diagram for protein-protein interactions intersects with the basic diagram at the
class “Protein”. Detailed information about the interaction of two different proteins can be modelled as
well as information about the experimental techniques used to detect the interaction. Also categories
of interactions can be modelled.

The data models are mapped to classes in the ODMG compliant commercial object DBMS Poet.

The core data are principally acquired from MIPS (Cf._A.63) and associated information is generally
acquired via wrappers from remote sites.

Data retrieval and query answering. The implementation of a public interface is still in progress.
The principal way of data access within GIMS is expected to be via fixed-form query interfaces.

Size. There is no information available. The reason for this might be that the first release is not yet
published.

Literature on GIMS:

[GIMSa] N. Paton et al. Conceptual modeling of genomic informatioBioinformatics
26(6):548-557, 2000.

[GIMSb]  http://img.cs.man.ac.uk/gims

A.38 GSDB: The Genome Sequence DataBase

Provider and access. The database is maintained by the National Center for Genome Resources
(NCGR) and freely available alttp://www.ncgr.org

Contents. The Genome Sequence DataBase (GSDB) is a repository aiming at consisting all pub-
licly available nucleotide sequences together with their associated biological and bibliographic infor-
mation.

GSDB provides hypertext links to several other databases.

Data modelling, data storage, and data acquisition. The data are built upon a relational data
model (see [GSDBDb]) and stored using the commercial relational DBMS Sybase. Only Sybase data
types are used except an “acc” datatype used for storing the “IC accession number” (implemented as
char(10)). The values of some attributes are restricted to sets of explicit values, e.g. the value of the
attribute “aa” of theAnticodon table (which stores the amino acid of the anticodon) is restricted to
either one of the 20 amino acids that occur in proteins in the common three letter code or one of the
values “Xxx”, “TERM” or “OTHER”. Every table has an attribute called “id” which corresponds to


http://img.cs.man.ac.uk/gims
 http://www.ncgr.org
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ComponentLocation

Table Row
55555 | id
33333 | component_id
11 baseseq_start
30 baseseq_end
1 compseq_start
I 20 compseq_end
forward| strand_orientation

Component Table Row

p=| 33333 id
12345 baseseq_id
26890 compseq_id

assembly type

Sequence Table " Sequence Table
Row Row

— 12345 id 26890 id

FIGURE A.17: Modelling of Sequence Alignments in GSDB: Example.

the SYBASE identity data type. Id attributes are generated automatically by the DBMS for each row
of the table and are used as the primary key. Flexible and expressive mechanisms for representing
biological data types are supported, for example:

e Multiple Sequence Alignments. (Multiple Sequence Alignments are from the modeling point
of view correlations of one or more sequences with another sequence, here called “base se-
guence”.) They are represented in GSDB by pairwise relationships between sequences. These
relationships are represented by the tabtenponent which links the base sequence with the
other aligned sequences. T@emponent table is linked to th&Component Location table
that describes the position of the alignment by base pair position reference (multiple locations
are possible) and to thBifference table that annotates the base pair anomalies between the
two sequences in the alignment. Figlire A.17 shows an example: a base sequence with the
primary key “12345” is aligned to a component sequence “26890” . This relationship is rep-
resented through theomponent table row with the primary key “33333". This row refers to
row “55555” of theComponent Location table, which models the location of the alignment
according to both sequences.
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e The data type of Sequence Confidence Data allows the owner of a sequence to represent a
simple estimate of the accuracy of data submitted for that sequence. It is implemented through
the Confidence table.

e Another data type is used for representing discontignous sequences for low-pass and sample
sequencing strategies. Three sets are represented in GSDB: Segmented sequences (groups of
sequences for which a place order between the segments is known but the distance between the
segments may not known), STS map sets (groups of sequences for which the distance between
the segments is usually known) and binned sequence sets (groups of sequences derived from a
piece of DNA,; order and distance information is not known).

e Links to other databases are supported mainly through the four @eles, Product, Taxon
andReference which are all linked to théBLink table. Several other tables are involved in
modeling links to other databases.

A homemade interface — the so called “Object Layer” — written in C++ handles all database access
and communication for various applications. The DBMS handles all common database issues like
security and ownership of the data. A flat file version of the data is produced for download. This flat
file version conveys the logical structure of the underlying relational data model. See [GSDBb] for
further information on the data model and its implementation.

Data are only acquired automatically (at night) from the IC databases GenBapk{df. A.36), EMBL (cf.
AZ8), and DDBJ (cf[AZ2). Data submissions from researchers are not accepted. Data in GenBank,
EMBL or DDBJ—format are converted by special parsers into the schema of GSDB. Manual review
is provided for data exceptions which caused parse errors. Data stored in GSDB can be corrected or
updated by the data owner (the user that inserted the data into GenBank) as well as by the GSDB staff.

Data retrieval and query answering. Data access is only possible either through the Object Layer
(see above) or by using SQL. Thus fixed-form queries are as well supported as fresifbom/
queries. The Object Layer also provides download of the flat file version via FTP. The following tools
are available via the WWW-interface of NCGR to retrieve and process data from GSDB:

1. Fixed-form queries:

e A tool called “Maestro” provides special views on the database. The user can search
the database for terms such as organisms’ names, gene names and keywords. Search
can be performed on single words or combination of terms using boolean connections
(the searching is limited to approximately 20 of the most commonly queried fields in the
database).

e “Excerpt’ is a tool that allows researchers to identify and retrieve from GSDB interesting
regions of sequences (e.g. protein coding region) instead of the entire sequences.

e “Sequence Viewer” is a visualisation tool implemented in Java. This tool gives rise to
navigate, examine GSDB sequences, and inspect their associated biological features.

e Similarity searching of a query sequence against GSDB can be performed using BLAST
[4].
¢ “MAR-Finder” is a tool for detecting MARs in DNA sequences.
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2. Free-formdd-hoc queries:

e Atool called “Ad hoc” can be used to query any field of the database. The tool allows the
user to use SQL to directly formulate and evaluate queries against GSDB. The user has to
register at first use.

Size. In October 1999 GSDB contained about 5 million sequences consisting each of about 4 billion
nucleotides. The size of the database is doubling about every 9-12 months.

Literature on GSDB:

[GSDBa] C.Hargeretal. The Genome Sequence DataBasgeic Acids ResearcB8(1):31-32.

[GSDBb] http://lwww.ncgr.org/gsdb/schema.html

A.39 GXD: The Gene Expression Database

Provider and access. The Gene Expression Database (GXD) is maintained at The Jackson Labo-
ratory at Bar Harbor/USA and is accessible, together with MGD[{cf.]A.62) and MTH(cf] A.70) at:
http://www.informatics.jax.ora/

Contents. GXD is a resource of gene expression information for the laboratory mouse.

GXD is cross-linked (hypertext links) with several other databases, such as MGD (cf. A.62), MTB
(cf. A70), OMIM (cf. A72), MEDLINE (cf. [A:59), SWISS-PROT (cf_AID3), etc.

Data modelling, data storage, and data acquisition. GXD is implemented using the relational
DBMS Sybase. A WWW interface provides access to the database using HTML-based forms com-
bined with CGlI scripts. For further information on the underlying schema see [GDXDb].

GXD uses the same controlled vocabulary as MDG, developed by the Mouse Genome Informatics
(MGI) Group at The Jackson Laboratory in collaboration with other database providers (MGD cf.

A52).

Data are acquired from the scientific literature and the research community.

Data retrieval and query answering. The data can be accessed via several fixed-form query inter-
faces.

GXD provides an interface foad-hoc queries expressed in SQL. Users wishing to perform SQL
queries against GXD must register first.

The data can also be downloaded together with the data of MGD in several flat files.
Several data items are accessible through browsing.


http://www.ncgr.org/gsdb/schema.html
http://www.informatics.jax.org/
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Size. No information available.

Literature on GXD:

[GXDa] M. Ringwald et al. GXD: A Gene Expression database for the Laboratory Mouse: Cur-
rent Status and Recent EnhancemeNig:leic Acids Resear¢c®8(1):115-119, 2000.

[GXDb] M. Ringwald et al. GXD: a Gene Expression database for the Laboratory Molse.
cleic Acids Researgt27(1):106-112, 1999.

[GXDc] http://www.informatics.jax.org/mgihome/GXD/aboutGXD.shtml

A.40 HDB: The Histone Database

Provider and access. The Histone Database is maintained by the National Center for Biotechnol-
ogy, National Institute of Health, at Bethesda/USA. It is accessibletgi://jgenome.nhgri.
nih.gov/histones/

*HEPW3 | HEPME histone H2 - gacden pea. [ Pisum sativom ]| peaH3
ARTEOTARY.ST GGEAPREOLATKAARY.SAPAT GGV EXPHREFREP GTWALRETIREY OESTEL

LIFFLFFORLYVEETAQDFETDLEFOSSATSALOEAAEAYLV GLFEDTHL CATHAY R TIM

FEDIOLARRIRGERA

*HEPMY | HEFPMY4 hisztonme H4 - garcden pea. [ Piszum sativom ]| peaHd
SGRGEGGEGLGEGGAFPHREVLEDAIOGITEPATERLARRGGWERT SGLIYEETRGVWLET
FLERWIERDAVTYTEHAPPETWTAMDYW WY ALEROGETLY GF GG

*H3P G4 | H3PG4 histone H4 - pig. [ Sus scrofa domestica ]|porHd
SGRGEGGEGLGEG GAFPHREVLEDHI OGITEF ATRRLAREGGWERT SGLIYEETRGVLERY
FLEHVWIRFDAVTYTEHAFEETWT AMDYWYY ALFROGETLY GF GG

FIGURE A.18: Three sample entries of HDB.

Contents. The HDB is an annotated collection of all full-length sequences and structures of histone
and non histone proteins containing the histone fold motif. Hypertext links to OMIM[{Cf.] A.72),
GenBank (cf[A.36), PDB (cf_A-75), and MMDB (cf_AJ67) are provided.

Data modelling, data storage, and data acquisition. There is no detailed information about the
data model and its implementation. Nevertheless, we suggest that HDB is a flat file repository. The
reason for this is, that the results of the queries are presented like flat file entries (e.g. as shown in

Figure[A.IB).
Data are acquired from Genbank (Cf_A.36).


http://www.informatics.jax.org/mgihome/GXD/aboutGXD.shtml
http://genome.nhgri.nih.gov/histones/
http://genome.nhgri.nih.gov/histones/
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Data retrieval and query answering. A simple fixed-form query interface can be used for data
retrieval. The results are displayed as shown in Fifure]A.18.

In addition, the data can be browsed, e.g. by histone family. The data is presented as a flat file with
hypertext links (see above). These flat files can be downloaded.

There is naad-hoc query interface.

Size. Currently HDB stores 1540 entries. There is no further information about the size of the
database available.

Literature on HDB:

[HDBa] S. Sullivan et al. The Histone Database: a Comprehensive WWW Resource for Histones
and Histone Fold-Containing Proteirisucleic Acids Researc28(1):320-322, 2000.

[HDBb] http://genome.nhgri.nih.gov/histones/

A.41 HGBASE: The Human Genetic Bi-Allelic SEquences

Provider and access. The Human Genetic Bi-Allelic SEquences (HGBASE) is maintained and pro-
vided by an international collaboration of several academic and industrial institutes. It is freely acces-
sible at:http://hgbase.car.ki.se

Contents. HGBASE gathers human all information about human gene-linked polymorphisms and
other gene variations. Hypertext links and text references to the IC databases Genb@nkT{cf. A.36),
EMBL (cf. i28), and DDBJ (cf[[A22) as well as to SWISS-PROT (cf__A]103) is usually provided
for each data item.

Data modelling, data storage, and data acquisition. HGBASE is organised as a two-level system.
Local storage and handling of individual records is performed using the Microsoft Access relational
DBMS. Home made scripts transfer data to either a different relational database platform (Oracle) or
a simple flat file format.

There is no information about the schema of the database.

The data are derived from various sources, including the scientific literature, submissions from the re-
search community and other databases. A comprehensive list of all HGBASE data sources is provided
by [HGBa].

Data retrieval and query answering. HGBASE can be searched by keyword (against all data in
HGBASE without the sequence data). The database is also accessible through the Sequence Retrieval
System (SRS, cf. Chapter4j3.7). SRS provides several fixed-formdahac query interfaces. A

third way to query the database is to search for sequence similarity using a reference sequence. The


http://genome.nhgri.nih.gov/histones/
http://hgbase.cgr.ki.se
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similarity search is carried out by the BLAST [4] program. In addition, final data presentation is
always given as simple flat files for download.

There are no capabilities to browse the data.

Size. No information available.

Literature on HGBASE:

[HGBa] A. Brookes et al. HGBASE: a aatabase of SNPs and other variations in and around
human genedNucleic Acids Resear¢cR8(1):356-360, 2000.

[HGBDb] http://hgbase.cgr.ki.se

A.42 HGMD: Human Genome Mutation Database

Provider and access. The Human Genome Mutation Database (HGMD) is maintained at the Uni-
versity of Wales Collage of Medicine in Cardiff, UK. It can be accessechap://archive.
uwcm.ac.ukiuwcm/ma/ngmado.ntmi

Contents. HGMD represents a comprehensive collection of data on mutations underlying human
inherited diseases.

Hypertext links to external databases such as GDB{cf.]A.35) and OMINT(Cf] A.72) are provided.

Data modelling, data storage, and data acquisition. There is no information available about the
data management system of HGMD and the underlying data model. Most likely, HGMD is a flat file
database.

Data are acquired from the scientific literature.

Data retrieval and query answering. HGMD is accessible via a simple fixed-form query interface
(keyword search against the entire database). Theredd-hoc query interface. The data cannot be
browsed nor be downloaded via FTP.

Size. HGMD consists of 21 591 entries. There is no further information available.

Literature on HGMD:


http://hgbase.cgr.ki.se
http://archive.uwcm.ac.uk/uwcm/mg/hgmd0.html
http://archive.uwcm.ac.uk/uwcm/mg/hgmd0.html
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[HGMDa] D. Cooper, E. Ball, and M. Krawczak. The Human Gene Mutation Datalidiseleic
Acids Research26(1):285-287, 1998.

[HGMDb] http://www.infobiogen.fr/services/dbcat

A.43 The Homeodomain Resource

Provider and access. The Homeodomain Resource is maintained at the National Human Genome
Research Institute NHGRI in Bethesda, USA. It can be accessdttpti/genome.nhari.
nih.gov/homeodomain/

Contents. The database is a collection of annotated protein sequence data and genomic information
for the homeodomain protein family.

Hypertext links to external resources such as among others SWISS-PRQT{cf] A.103), OMIM (cf.
R-72), MMDB (cf. A61), and PubMed (cf"A90).

Data modelling, data storage, and data acquisition. The database was originally stored as a series
of flat files and HTML files. These data are now re-implemented using the relational DBMS Sybase.
The underlying relational schema is not documented.

Data are acquired from the scientific literature and other databases (e.g. OM[M, gf. A.72).

Data retrieval and query answering. There are several fixed-form query interfaces to retrieval data
from the Homeodomain Resource butabhoc queries can be performed.

The data of the Homeodomain Resource are not classified and thus there is no possibility to retrieve
data items by browsing. Sequence data is available as flat files in FASTA [4] format for download via
FTP. There is no possibility to retrieve the entire database as flat file(s).

Size. No information available.

Literature on the Homeodomain Resource:

[HRa] S. Banerjee, J. Ryan, and A. Baxevanis. The Homeodomain Resource: a prototype
database for a large protein famiNucleic Acids Resear¢cR8(1):329-220, 2000.

[HRDb] http://genome.nhgri.nih.gov/homeodomain/


http://www.infobiogen.fr/services/dbcat
http://genome.nhgri.nih.gov/homeodomain/
http://genome.nhgri.nih.gov/homeodomain/
http://genome.nhgri.nih.gov/homeodomain/
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A.44 HOX Pro

Provider and access. HOX Pro is maintained at Russian Academy of Sciences in St. Petersburg,
Russia in collaboration with the Mt. Sinai Medical School at New York, USA. It can be accessed at:
http://www.mssm.edu/moibio/noxpro/new/hox-pro00.htmi

Contents. HOX Pro contains information about special genes called homeobox genes. It also pro-
vides information about genetic regulatory networks of homeobox genes.

Hypertext links to several other databases are provided, e.g. to PubMgd(df. A.90), EMBL {(¢f. A.28)
and Transfac (cf_AI09).

Data modelling, data storage, and data acquisition. Although [HOXa] provides detailed infor-
mation about the modelling of single data items such as networks, genes, etc. itis not really clear how
HOX Pro is implemented. We suppose that it is a relational database.

There is no information available about data acquisition in HOX Pro.

Data retrieval and query answering. Data in HOX Pro can only be accessed via browsing.
There are no query interfaces at all, nor any flat files released for downloading.

Size. No information available.

Literature on HOX Pro:

[HOXa] A. Spirov, T. Bowler, and J. Reinitz. HOX Pro: a specialized database for clusters and
networks of homeobox gendsucleic Acids Researc28(1):337-340, 2000.

[HOXDb] http://www.mssm.edu/molbio/hoxpro/new/hox-pro00.html

A.45 IDB/IEDB: The Intron Sequence and Intron Evolution Databases

Provider and access. The Intron Sequence Database (IDB) and the Intron Evolution Database
(IEDB) are developed and maintained at the Indiana University at Bloomington, USA. Both databases
can be accessed dittp://nutmeq.bio.indiana.edu/intron/index.htmi

Contents. IDB contains information about introns, exons, protein coding regions, and descriptive
information about the according genes and source organisms. IEDB provides a statistical analysis of
the exon and intron sequences catalogued in IDB as well as data concerning intron evolution [IDBal].


http://www.mssm.edu/molbio/hoxpro/new/hox-pro00.html
http://www.mssm.edu/molbio/hoxpro/new/hox-pro00.html
http://nutmeg.bio.indiana.edu/intron/index.html
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Both databases are cross-linked to SWISS-PROT[(Ci._A.103) and GenBafk{Gf. A.36) via hypertext
links.

Data modelling, data storage, and data acquisition. The IDB and IEDB are stored in relational
formats. A home-made DBMS manages the data storage. There is no information available about the
database schemas. In addition, the databases are available as flat files each structured through search
indexes.

Data are acquired from SWISS-PROT (Ef—_A1103) and GenBankT{cf] A.36).

Data retrieval and query answering. The IDB and IEDB databases are only available for download
via FTP at:http://nutmeq.bio.indiana.edu/intron/index.htmi

The databases are available in either plain text flat file format or in a relational format. The home-
made DBMS application can also be downloaded. A web-based query interface is announced to be
under construction.

Size. The plain text formatted flat files require 273.1 MB (IDB) and 32.5 MB (IEDB). The relational
formatted files require 81.9 MB (IDB) and 6.8 MB (IEDB).

Literature on IDB and IEDB:

[IDBa] N. Schisler and J. Palmer. The IDB and IEDB: Intron Sequence and Evolution Database.
Nucleic Acids Researc28(1):181-184, 2000.

[IDBDb] http://nutmeg.bio.indiana.edu/intron/index.html

A.46 The IMB Jena Image Library of Biological Macromolecules

Provider and access. The IMB Jena Image Library of Biological Macromolecules (IMB database)
is maintained at the Instituiif Molekulare Biotechnologie (IMB) at Jena, Germany. It can be accessed
at: http://www.imb-jena.de/IMAGE.htmi

Contents. The IMB database contains data on the 3-dimensional structure of biomolecules (primar-
ily proteins and nucleic acids). It integrates the PDB [Cf.A.75) and the NDB{cf] A.71).

Hypertext links to several other databases are provided.

Data modelling, data storage, and data acquisition. There is no information available about the

data management and the underlying data model of the IMB database. We assume that the IMB
database is implemented as flat files. One file seems to provide access to all structure entries in
either PDB or NDB by storing cross-links to the according entries. Annotated information seem to be
managed in a separate file.


http://nutmeg.bio.indiana.edu/intron/index.html
http://nutmeg.bio.indiana.edu/intron/index.html
http://www.imb-jena.de/IMAGE.html
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Data are acquired primarily from the external databases PDB(Ci] A.75) and NDBTcf. A.71).

Data retrieval and query answering. The IMB database can be searched through two different
fixed-form query interfaces. There is nd-hoc query interface. Data are classified into several
hierarchies. All these classifications can be browsed to retrieve single data items.

There is no flat file release of the IMB database and thus the data cannot be downloaded via FTP.

Several analysis and especially visualisation tools (e.g. RasMol [60]) are available at the IMB database
homepage.

Size. No information available.

Literature on the IMB database:

[IMBa] J. Reichert. The IMB Jena Image Library of Biological Macromoleculscleic Acids
Research28(1):246-249, 2000.

[IMBDb] http://www.imb-jena.de/IMAGE.html

A.47 IMGT: The International ImMunoGeneTics database

Provider and access. The International ImMunoGeneTics database (IMGT) consists of three databases.
All databases was created by Marie-Paule Lefranc, Universite Montpellier [l, CNRS, Montpellier/France
and are accessible dtttp://imgt.cines.fr:8104

or at: http://imgt.cines.ir:8104/textes/IMG Tindex.htmi

Contents. IMGT is an integrated database with expertly annotated sequences specialised in im-
munoglobulins, T-cell receptors and major histocompatiblity complexes (MHC). As mentioned above,
it consists of three databases: LIGM-DB for immunoglobulins and T-cell receptors, MHC/HLA-DB
and PRIMER-DB for immunoglobulins, T-cell receptors and and MHC-related primer — the later one
is still in development.

The IMGT databases provide hypertext links to other databases, especially to general sequence databases
such as EMBL (cf[A:28) or SWISS-PROT(¢f-A103).

Data modelling, data storage, and data acquisition. IMGT databases are modelled using an entity
relationship model. Exceptions which are produced by the researchers who submit data are recorded
in exception tables. These tables should avoid the introduction of uncontrolled inconsistent data.

An ontology was developed for formal specification of the terms to be used in the domain of immuno-
genetics and bioinformatics, called IMGT-ONTOLOGY. This allows the management of immuno-
genetic knowledge for all vertebrate species.

IMGT databases are managed by the relational DBMS Sybase.


http://www.imb-jena.de/IMAGE.html
http://imgt.cines.fr:8104
http://imgt.cines.fr:8104/textes/IMGTindex.html
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Data are acquired from sequence databases (primariliy EMBL] Cf.] A.28), annotated and reviewed
manually and then inserted in the databases.

Data retrieval and query answering. The contents of the IMGT databases can be obtained as flat
files either by CD-ROM, e-mail subscription or internet FTP anonymous access.

IMGT data can also be accessed via the integrated environments SRS (cf. Chagter 4.3.7) and Entrez
(cf. Chapteir4.3]4).

A fixed-form query interface available at the IMGT homepage provides a limited view on the data.
There is naad-hoc query interface available.

The data can be browsed via the IMGT homepaga@p://imgt.cines.fr:8104

Size. In October 2000 LIGM-DB consists of 41 248 entries and HLA-DB of 1257 entries.

Literature on IMGT:

[[IMGTa] M. Ruiz et al. IMGT, the International InMunoGeneTics Databas&icleic Acids
Research28(1):219-221, 2000.

[IMGTb] http://imgt.cines.fr.:8104

[IMGTc] V. Giudicelli et al. IMGT/LIGM-DB: A Systematised Approach for ImMunoGeneTics
Database Coherence and Data Distribution Improvementrdeeedings of the 6th
International Conference on Intelligent Systems in Molecular Biology (1SE)8.

A.48 InBase: The Intein Database

Provider and access. InBase, the intein database is maintained at New England BioLabs, Inc. It
can be accessed dittp://www.neb.com/neb/inteins.htmi

Contents. InBase contains a full intein registry. Inteins are protein splicing elements that mediate a
self-catalytic protein splicing reaction. Each entry in InBase represents an intein and contains general
information as well as detailed data annotation. Hypertext links to PubMed are provided.

Data modelling, data storage and data acquisition. There is no information available about the
underlying data model of InBase and the data management system in use. We suppose that InBase is
probably a collection of flat files.

Data are primarily acquired from the research community. A submission tool facilitates the acquisi-
tion.


http://imgt.cines.fr:8104
http://imgt.cines.fr:8104
http://www.neb.com/neb/inteins.html
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Data retrieval and query answering. InBase provides no query interface at all. The database can
only be browsed to retrieve single data items. There is no possibility to download the data. An amino
acid sequence can be searched against InBase using BICAST [4].

Size. No information available.

Literature on InBase:

[InBa] F. Perler. InBase, the Intein Datababkicleic Acids Researc28(1):344-345, 2000.

[InBDb] http://www.neb.com/neb/inteins.html

A.49 INTERACT

Provider and access. INTERACT is maintained by the University of Manchester at Manchester,
UK and is accessible alittp://bioinf.man.ac.uk

Contents. INTERACT is a protein interaction database that stores both experimental data on inter-
actions and derived results from bioinformatics analysis. Available interaction data mainly concern
proteins in yeast.

Data modelling, data storage, and data acquisition. A user requirement analysis was carried out.

This identified the most important questions with which researchers involved in protein interaction
experimentation would query the database (see [INTAa] for details). This information was used to
identify a set of use-cases like it is common in the field of object oriented software engineering.
These use-cases played an important role in the design of the database schema because they indicated
some of the information that would be needed in addition to the basic interaction data.

To model the database schema the Unified Modeling Language (UML) [8] was used. The data model
is based on the assumption thatlateraction consists of two interactingroteins An Interaction

may be described by margxperimentswhich indicates the method and conditions the interaction
was discovered under ([INTa]). Figure Al19 presents the class diagram using UML. [INTa] provides
more information on the model and on the procedure of design.

The database has been implemented using the commercial object DBMS Poet, which follows the
ODMG standard. The UML schema is mapped straightforward to a collection of classes in the ODMG
Java binding.

Data are acquired from three locations ([INTAa]):
e The interactions tables provided by the MIPS database
e Scientist submission from a WWW form

e Submission from published literature


http://www.neb.com/neb/inteins.html
http://bioinf.man.ac.uk
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FIGURE A.19: UML class diagram of the INTERACT database [INTDb]

Additionally the SWISS-PROT database is searched for much of the subsidiary information relating
to a protein including e.g. links to MEDLINE (for reference information) and PROSITE (for motif
information) databases. All these ways of data acquisition are carried out automatically by dedicated
tools.

Data retrieval and query answering. INTERACT provides bothad-hoc and fixed-form queries
([INTAa]):

1. Fixed-form queries:
The use-cases have been used to direct the development of a form based interface in Java.
The top level of this interface consists of a list of questions. Selecting a question initiates an
additional request for parameters and leads to a special view on the database. The results of the
gueries are presented in a form based browser.

2. Ad-hoc queries:
OQL can be used to express declarative requests for information from the database.

There are also additional some analysis tools with the database. The user can access a clustering pro-
gram to analyse the interactions and to get networks of interacting proteins. Methods based on graph
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theory algorithms can be used to detect any pathways of interaction between any two proteins. An-
other tool compares all of the proteins involved in yeast interactions to other genomes, using BLAST
for homologue search.

Data cannot be downloaded as flat file(s). There is no capability to browse the INTERACT database.

Size. No information available.

Literature on INTERACT:

[INTAa] K. Eilbeck etal. INTERACT: an Object Oriented Protein-Protein Interaction Database.
In Proccedings of the 7th International Conference on Intelligent Systems in Molecular
Biology (ISMB) 1999.

[INTAb]  http://bioinf.man.ac.uk

A.50 InterPro

Provider and access. InterPro is maintained at the European Bioinformatics Institute (EBI) near
Cambridge, UK. The InterPro project’s web page is availablehaip://www.ebi.ac.uk/
interpro/

Contents. InterPro is an integrated database for protein families, domains, and functional sites,
which try to merge the contents of several databases focusing on protein domain classification such
as PROSITE (cf[A85) and Pfam (¢f._A]78). Each InterPro entry contains annotations and hypertext
links back to the relevant database(s) where it is derived. In addition, each entry provides hypertext
links to PubMed (cf[A390).

Data modelling, data storage, and data acquisition. The data of InterPro are derived from various
sources as flat files. These flat files are merged and dismantled. Internally all these data is managed
using a relational DBMS. The underlying schema is available as figure in PDF-format at [INTPb].

The InterPro database is also released in two flat files in XML format. One file contains the core
InterPro entries, the other file contains the protein matches with SWISS-PRQT {cf] A.103). A corre-
sponding Document Type Definition (DTD) file is also available.

Figure[A-ZD represents the InterPro data flow.

Data retrieval and query answering. InterPro can be accessed via a simple keyword search form
(fixed-form query interface). Several search terms are allowed to be combined using boolean operators
(AND, OR, NOT). There is nad-hoc query interface nor a possibility to browse the database.

The XML structured files and the according DTD file can be downloaded via Fltg:&Aitp.
ebi.ac.uk/pub/databases/interpro/


http://bioinf.man.ac.uk
http://www.ebi.ac.uk/interpro/
http://www.ebi.ac.uk/interpro/
ftp://ftp.ebi.ac.uk/pub/databases/interpro/
ftp://ftp.ebi.ac.uk/pub/databases/interpro/
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FIGURE A.20: InterPro data flow: data are acquired from flat files of external databases via FTP
(right). After merging, these data are managed within a relational DBMS which is converted into an
XML file or can be accessed directly via www (left).

In addition, InterPro can be accessed via SRS (e.g. via the local SRS server at the EBI).

Size. The zipped XML file with the core data of InterPro currently requires 2.3 MB.

Literature on InterPro:

[INTPa] R. Apweiler et al. The InterPro Database, an Integrated Documentation Resource for
Protein Families, Domains, and Functional Sitdacleic Acids ResearcR9(1):37-40,
2001.

[INTPb]  http://www.ebi.ac.uk/interpro/documentation.html

[INTPc]  http://www.ebi.ac.uk/interpro/dataflow_scheme.htmi

A.51 [IXDB: Integrated X Chromosome Database

Provider and access. The Integrated X Chromosome Database (IXDB) is maintained at The Max-
Planck-Institut for Molecular Genetic at Berlin, Germany and can be accessiettipatixdb.
mpimg-beriin-dahiem.mpg.de/


http://www.ebi.ac.uk/interpro/documentation.html
http://www.ebi.ac.uk/interpro/dataflow_scheme.html
http://ixdb.mpimg-berlin-dahlem.mpg.de/
http://ixdb.mpimg-berlin-dahlem.mpg.de/
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FIGURE A.21: IXDB data model ([IXDBb])

Contents. IXDB is a repository for physical mapping of the human X chromosome. Hypertext
links are provide to several databases such as GDBJ[(Cf.] A.35), GenBankK{(cf. A.36), EMBL (cf.
A28), OMIM (cf. i72), or dbEST (cf[AZ0).

Data modelling, data storage, and data acquisition. IXDB is build upon a relational model and
implemented using the relational DBMS Oracle.

The data schema (Figufe Al21) is centred around genomic objects in a variety of classes and consists
of approximately 40 tables. Several types of information are attached to each of these classes, such
as class-specific annotations, experimental results, typed relations to other objects, map positions,
etc. Maps are modelled recursively so that sub-maps (in general different research groups focus on
different regions of interest) can be stored and a chromosome-wide map can be constructed out of
these sub-maps. The schema is highly flexible and allows new links and new object types to be
established instantly.

There is no underlying ontology but to meet the frequently occurring problem, that an object is given
several different names, IXDB uses synonyms. Synonyms give different names to an object, all of
which can be used in queries.

For some DNA objects, however, different names describe different versions of one original unique
object. A special relationship represents this situation which is called aliases. Each alias correspond
to a different entry in the database, although each alias within a group is likely yield the same results,
since each is likely to contain similar biological results. Therefore, queries for any one alias always
retrieve a report on all aliases.
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Data can be kept confidential to a user or a group of users and private views are provided for each
group via a standard authentication procedure.

The original data are the result of a strict integration of data stemming from approximately 25 different
chromosome scale projects. New data are acquired from other databases, the literature and the com-
munity (data submission) and added mostly automated using a special exchange format and adapted
software. The software detects potential redundancy and rejects semantically inconsistent data.

Data retrieval and query answering. The WWW interface of IXDB provides a fixed-form query
interface. Queries can be performed by name, keyword, external identification number (e.g. EMBL
accession number), and by map position. The result will be a detailed IXDB object report on the ap-
propriate object which contains all information stored in IXDB. The user can navigate using hypertext
links to connected objects, related data, or other databases.

Sometimes several objects in IXDB overlap with the queried object. In this case, for each overlapping
object the relation to the queried object is shown. The relation can be a direct connection or an overlap
via an intermediate object.

There is naad-hoc query interface.

Maps can be either viewed as an HTML table or viewed and compared using a graphical map display
tool called "derBrowser”, which is implemented as a Java applet. Maps can be browsed to retrieve
single data items.

There is no flat file release.
Size. IXDB currently stores about 100 000 different DNA objects (excluding aliases) and 23 maps.

Literature on IXDB:

[IXDBa] http://ixdb.mpimg-berlin-dahlem.mpg.de
[IXDBb] U. Leseret al. IXDB, an X Chromosome Integrated Database (updhtagleic Acids
Research28(1):123-127, 2000.

A.52 KEGG: Kyoto Encyclopedia of Genes and Genomes

Provider and access. The KEGG databases are daily updated and made available through the web
sites of GenomeNet in Kyoto/Japan http://star.sci.genome.ad.jp/kegg/

Contents. The Kyoto Encyclopedia of Genes and Genomes (KEGG) Project has several objectives
(see [KEGGc)):

e to computerise all aspects of cellular functions in terms of the pathway of interacting molecules
or genes,


http://ixdb.mpimg-berlin-dahlem.mpg.de
http://star.scl.genome.ad.jp/kegg/
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e to maintain gene catalogs for all organisms and link each gene product to a pathway component,

e to organise a database of all chemical compounds in the cell and link each compound to a
pathway compound, and

o to develop computational technologies for pathway comparison, reconstruction, and analysis.
The KEGG information resource consists of three different databases:

e GENES for genomic information with a collection of gene catalogs with annotation,

e PATHWAY for higher order functional information with graphical representation of metabolism,
membrane transport, etc., and

e LIGAND for information about chemical compounds involved in the cellular reactions. LIG-
AND is described separately (¢f._A]55).

The different databases are linked via the so called DBGET/LinkDB system (cf. Chapter 4.3.2) and
are integrated with several other databases, such as (among others) GenBanK]cf. A.36), EMBL (cf.
A.Z8), SWISS-PROT (cf_AT03), and PDB (¢f_Al75).

Data modelling, data storage, and data acquisition. KEGG consists of the following five types of
data:

Pathway maps, represented by manually drawn diagrams

Ortholog group tables, represented by HTML tables

Molecular catalogs, represented b HTML tables or hierarchical texts

Genome maps, represented by Java graphics

Gene catalogs, represented by hierarchical texts

The DBGET/LinkDB is a home-made DBMS written in C++ that integrates these data with data from
other external databases (Ef_4.3.2).

The connections between different entries of different databases are modelled using binary relations.
These binary relations are stored in the LinkDB database. An entry in the web of molecular biology
databases is uniquely identified by the combination of the database name and the entry name (mostly
an accession number):

database : entry
and the relation between two entries within and across databases is represented by the binary relation:
databasel : entrylts database?2 : entry2

This concept has been extended to include gene catalogs in KEGG. Any gene (or gen product) is
uniquely identified by the combination of the organism and the gene name:

organism : gene
and the relation between two genes (or gene products) is represented accordingly.
Internally, data in KEGG are classified and represented as follows:
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e Entity: a molecule or a gene.
e Binary relation: a relation between two entities.

e Network: a graph formed from a set of related entities. There are four different classes of
Networks:

— Genome physical closeness of genes (stored as Java graphics).

— Neighbour. similarity of molecules or genes (e.g. sequence similarity; stored as HTML
tables).

— Hierarchy: hierarchical classification of molecules or genes (stored as hierarchical text).

— Pathways biochemical (reference) pathway or genetic (reference) pathway (stored as
GIF images).

A database in DBGET is simply considered as a collection of entries, which may be stored in a single
file or multiple files. The DBGET definition of flat files includes text files and other multimedia files
such as GIF files for the pathway diagrams.

The KEGG system integrates all this kind of data on the basis of the LinkDB entries. The binary
relations in LinkDB are useful for comparing and computing pathways, genomes, hierarchies, and
neighbours (similar sequences). For example a pathway can be computed from a given list of enzymes
by deduction from binary relations of substrates and products. DBGET/LInkDB provide tools to
search, compare, and handle these different representations, e.g. CGlI scripts perform searching and
colouring GIF image maps, and Java applets perform searching, comparing, and handling genome
maps.

Data that are added to GENES are generally acquired from GenBank. The annotations of the entries
are re-examined by KEGG, thus GENES was developed as a relational database using Sybase as
DBMS, in order to support the procedure of data acquisition and data updates.

As mentioned above, DBGET/LInkDB is a system that integrates several flat file databases (cf. Chap-
ter[2-3°2 for more details).

Data retrieval and query answering. The major types of the data in the KEGG system can be
searched by several properties. These properties are gene/molecule name, EC number, compound
number, sequence similarity, and key words. All query interfaces are fixed-form interfaces, there are
no possibilities to execut&l-hoc queries against the KEGG system.

Several tools enable the user to browse through pathway diagrams and annotated data. E.g. reference
pathway diagrams represent all known possible pathways, but in several organisms there may be only
parts of a reference pathway. The user can query these parts (e.g. the parts of the lipid metabolism
that occurs in yeast) and the KEGG system will visualise that by colouring the reactions which were
queried. Standard analysis tools (such as BLAST [4], FASTA [56], RasMol [60], etc.) are also
accessible at the GenomeNet home page.

All flat-files containing the entire data in the KEGG system (including local copies of the integrated
databases such as GenBank, SWISS-PROT, DDBJ, EMBL, etc.) can be downloaded via FTP at:
ftp://ikegg.genome.ad.jp/mirror/


ftp://kegg.genome.ad.jp/mirror/
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Size. In Spring 2000 the whole KEGG system, including GENES, PATHWAYS, LIGAND and
LinkDB databases, consists of over 125 000 entries. The (reference) metabolic pathways are rep-
resented by approximately 90 diagrams.

Literature on KEGG:

[KEGGa] M. Kanehisaand S. Goto. KEGG: Kyoto Encyclopedia of Genes and Genbluelsic
Acids Research28(1):27-30, 2000.

[KEGGb] http://star.scl.genome.ad.jp/kegg/

[KEGGc] M. Kanehisa. KEGG — From Genes to Biochemical Pathways. 1998. Available at:
http:/istar.sci.genome.ad.jp/kegg/keggl.htmi

[KEGGd] W. Fujibuchi et al. DBGET/LInkDB: an Integrated Database Retrieval System [26].
Available at:http://star.sci.genome.ad.jp/kegg/keggl.htmi

A.53 KinMutBase

Provider and access. KinMutBase is maintained at the University of Tampere, Finland in collab-
oration with the University of Helsinki and the University of Turku. It can be accesselttat:
fiwww.uta.fi/imt/bicinfo/KinMutBase/

Contents. KinMutBase is a registry of mutations in human protein kinases related to disorders.
Entries in the database contain annotated information about the protein kinases.

Hypertext links to external databases such as EMBL[{CI.]A.28) are provided.

Data modelling, data storage, and data acquisition. There is no information available about the
implementation and the underlying data model of KinMutBase. We assume that KinMutBase is a flat
file database.

Data are acquired from the research community. Researchers can use a special submission tool.

Data retrieval and query answering. The KinMutBase data is classified several hierarchies that
can be browsed. There are no query interfaces at all. The data can also not be downloaded via FTP.
The only possibility to retrieve data from KinMutBase is thus to browse the database.

Size. No information available.

Literature on KinMutBase:


http://star.scl.genome.ad.jp/kegg/
http://star.scl.genome.ad.jp/kegg/kegg1.html
http://star.scl.genome.ad.jp/kegg/kegg1.html
http://www.uta.fi/imt/bioinfo/KinMutBase/
http://www.uta.fi/imt/bioinfo/KinMutBase/
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[KMBa] K. Stenberg, P. Riikonen, and M. Vihinen. KinMutBase, a database of human disease-
causing protein kinase mutatiorf$ucleic Acids Researc28(1):369-371, 2000.

[KMBDb] http://mwww.ncbi.nlm.nih.gov/COG/COGhelp.html

A.54 KMDB: The Keio Mutation Database

Provider and access. The Keio Mutation Database (KMDB) is maintained and provided by the
Keio University of Medicine at Tokyo/Japan. It can be accessed throhtfp://mutview.
dmb.med.keio.ac.jp

Contents. KMDB stores information about mutations in human disease-causing genes. It provides
hypertext links to other databases like OMIM (cf_A.72), GDB (cf_A.35), and HGMD[{Ci.]JA.42).

The database is the central system to integrate locus specific databases provided at the same institute,
including: KMheartDB (Keio Mutation heart Database), KMearDB, KMbrainDB, and KMcancerDB.

Data modelling, data storage, and data acquisition. Each data item contains a gene and annotated
information. These data are stored in a set of hierarchical tables according to the format defined for
the "MutationView” software that integrates the different databases. MutationView has two different
versions, JAVA and HTML. The JAVA version provides an interactive user interface, while the HTML
version is convenient for downloading the data. There is no information on the format definition of
MutationView. There is also no information about data acquisition.

Data retrieval and query answering. Data can be accessed through the MutationView interface. It
provides no query interfaces but data can be browsed. The user has to register first, but the access is
free of charge.

In addition, the MutationView software and the entire database can be downloaded via FTP.

Size. No information available.

Literature on KMDB:

[KMDBa] J. Murvai et al. Keio Mutation Database (KMDB) for Human Disease Gene Mutations.
Nucleic Acids Researc28(1):364-368, 2000.

[KMDBDb] http://mutview.dmb.med.keio.ac.jp


http://www.ncbi.nlm.nih.gov/COG/COGhelp.html
http://mutview.dmb.med.keio.ac.jp
http://mutview.dmb.med.keio.ac.jp
http://mutview.dmb.med.keio.ac.jp
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A.55 LIGAND

Provider and access. LIGAND is part of the KEGG system (cf[_A.b2). It is maintained by the
Kyoto University, Kyoto/Japan and provided at the GenomeNet homepaigiaitistar.sci.
genome.ad.jp/dbgetiigand.htmi

Contents. LIGAND consists of three sections:

e ENZYME for information of enzyme molecules and their reactions
¢ COMPOUND for information of metabolites and other chemical compounds

e REACTION for the collection of subsrate-product relations

LIGAND supports the reconstruction of metabolic pathways in KEGG[(Ci.]JA.52). It provides hyper-
text links to other databases.

Data modelling, data storage, and data acquisition. LIGAND is constructed as a flat file database.
The data file format of each section is similar to those of GenBank[{cf.] A.36) and PIRTcfl A.79)
flat files. A fixed number of columns are assigned to specify eah entry. See [LIGb] for detailed
information about the structure of each flat file entry.

Data are acquired from the scientific literature and the KEGG database.

Data retrieval and query answering. LIGAND provides a fixed-form query interface and the pos-
sibility to browse through several enzyme classification hierarchies. Data can also be downloaded as
flat files via FTP. There is nad-hoc query interface.

Additional the database can be searched through the DBGet/LinkDB system (cf. Ghapter 4.3.2).

Size. The current number of entries in LIGAND is available at the GenomeNet homepage. The flat
files require about 5 MB (Winter 2000).

Literature on LIGAND:

[LIGa] S. Goto, T. Nishioka, and M. Kanehisa. LIGAND: Chemical Database of Enzyme Re-
actions.Nucleic Acids Researc28(1):380-382, 2000.

[LIGD] http://star.scl.genome.ad.jp/dbget-bin/show_man?ligand

A.56 MAGEST: Maboya Gene Expression Patterns and Sequence Tags

Provider and access. The database for maboya gene expression patterns and sequence tags (MAGEST),
is maintained by GenomeNet at the University of Kyoto. It can be accesséttaty/star.
sci.genome.ad.jp/magest


http://star.scl.genome.ad.jp/dbget/ligand.html
http://star.scl.genome.ad.jp/dbget/ligand.html
http://star.scl.genome.ad.jp/dbget-bin/show_man?ligand
http://star.scl.genome.ad.jp/magest
http://star.scl.genome.ad.jp/magest
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Contents. MAGEST is a database for newly identified maternal cDNA sequences and the according
expression data of the organistalocynthia roretzi The database is interconnected with several other
databases via the DBGet/LinkDB system at GenomeNet (cf. Chapter 4.3.2).

Data modelling, data storage, and data acquisition. The data are stored and managed by the
relational DBMS Sybase. There is no information about the underlying schema.

Data are derived from other databases, such as — among others — GenBank]cf. A.36), SWISS-PROT
(cf. &103), and PIR (cfCAT79).

Data retrieval and query answering. The database can be searched by a fixed-form query in-
terface. Search can be performed using keywords or specifying an entry identifier. Additionally
MAGEST can be searched for similarity by a reference sequence. The gene expression data is classi-
fied by the database staff and can be searched by using an arbitrary combination of expression patterns.
The classified data cannot be browsed.

There is nmd-hoc query interface. The data can not be retrieved as flat files.

Size. No information available.

Literature on MAGEST:

[MAGa] T. Kawashima et al. MAGEST: Maboya Gene Expression Patterns and Sequence Tags.
Nucleic Acids Researc8(1):133-135, 2000.

[MAGb]  http://www.cme.msu.edu/RDP/docs/documentation.html

A.57 MaizeDB

Provider and access. MaizeDB is accessible alittp://www.agron.missouri.edu/

Contents. MaizeDB provides information about the maize genome and its expression. It seems that
there are currently no interconnections with other databases.

Data modelling, data storage, and data acquisition. MaizeDB is implemented using the relational
DBMS Sybase. Entity-Relationship diagrams for all classes of the database schema can be viewed at
[MaiDBDb].

An ACEDB version is also available. Its schema consists of 18 classes, whose model can be browsed
at [maiDBc].

It is not really sure where the data for MaizeDB are acquired.


http://www.cme.msu.edu/RDP/docs/documentation.html
http://www.agron.missouri.edu/
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Data retrieval and query answering. MaizeDB can be accessed through the so called Object Pro-
tocol Management (OPM), which should not be mistaked for the model to define a database schema
(OPM, cf. Chaptef 3.3.3). This OPM is a Java-based interface, provided by Gend,ltbgiovorks

best on local PCs. The interface provides three ways of searching:

o full text search
e browsing through the classes hierarchically

e query for a name in a special class

An ad-hoc query interface is under development for the future.
There is no flat file release for downloading the data.

Size. No information available.

Literature on MaizeDB:

[MaiDBa] http://www.agron.missouri.edu/schema.html

[MaiDBb] http://grain.jouy.inra.fr/cqi-bin/webace/webace?db=
maizedb

A.58 MDDB: The Metabolic Disease Database

Provider and access. The Metabolic Disease Database (MDDB) is developed and maintained at the
Otto-von-Guericke-University Magdeburg, Germany. It can be accessbtiat/edradour.

cs.uni-magdeburg.de/iti_bm/mddb/ (download of the software),
or at: http://www-bm.cs.uni-magdeburg.de/iti_bm/bmbf/mdcave.htmi (web in-
terface).

Contents. The MDDB provides data on medical, genetic and biochemical aspects of metabolic
diseases. These database is designed for medical research as well as biochemical research.

There is no information about links to external databases.

Data modelling, data storage, and data acquisition. The database relies on a relational model.
The DBMS Oracle is used to manage the data in MDDB. There is no information available about
details of the underlying relational schema.

There is no information available about data acquisition in MDDB.

Haww.genelogic.com


http://www.agron.missouri.edu/schema.html
http://grain.jouy.inra.fr/cgi-bin/webace/webace?db=maizedb
http://grain.jouy.inra.fr/cgi-bin/webace/webace?db=maizedb
http://edradour.cs.uni-magdeburg.de/iti_bm/mddb/
http://edradour.cs.uni-magdeburg.de/iti_bm/mddb/
http://www-bm.cs.uni-magdeburg.de/iti_bm/bmbf/mdcave.html
www.genelogic.com
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Data retrieval and query answering. The web interface called MD-Cave requires an account (most
likely free off charge) and allows direct access to the MDDB trough the web. MD-Cave is a Java
Applet and is connected via JDBC to the Oracle DBMS server.

There is no information available about the capabilities of data retrieval and the query interfaces.

The software and contents of MDDB are available within a prototype package. The software and data
package can be downloaded (see URL above) for local installation.

Size. No information available.

Literature on MDDB:

[MDDBa] http://www-bm.cs.uni-magdeburg.de/iti_bm/mddb/

A.59 MEDLINE

MEDLINE seems to be re-implemented at the National Center for Biotechnology Information (NCBI)
in PubMed (cf[[AX9D)

A.60 MEROPS

Provider and access. The MEROPS database is maintained at the Brabham Institute near Cam-
bridge, UK. It can be accessed http://www.merops.co.uk/merops/merops.htm

Contents. The MEROPS database provides a catalogue and structure-based classification of pro-
teases (termed “peptidases” within the database), together with additional information about them. It
provides hypertext links to SWISS-PROT (Ef_AL03) and FlyBase(CT.]A.34).

Data modelling, data storage, and data acquisition. The MEROPS database is most likely a flat
file database consisting of explicitly structured entries. There is no information about the structure of
the database.

Data are primarily acquired from external databases.

Data retrieval and query answering. MEROPS can be accessed via several fixed-form query in-
terfaces (keyword search against a search index). Theredd-hoc query interface. The data are
classified in several hierarchies that can be browsed for data retrieval.

In addition, the database can be downloaded as flat file via FTP.


http://www-bm.cs.uni-magdeburg.de/iti_bm/mddb/
http://www.merops.co.uk/merops/merops.htm
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Size. No information available.

Literature on MEROPS:

[MEROa] N. Rawlings and A. Barret. MEROPS: The Peptidase Databliseleic Acids Re-
search 28(1):323-325, 2000.

[MEROD] http://www.merops.co.uk/merops/merops.htm

A.61 MetaCyc

seeEcoCyc [AZb at pagg T¢1)

A.62 MGD: The Mouse Genome Database

Provider and access. The Mouse Genome Database (MGD) is maintained by The Jackson Lab-
oratory at Bar Harbor/USA and accessible together with GXD [cf.JA.39) and MTB[{cf.] A.70) at:
http://www.informatics.jax.ora/

Contents. The MGD is a public database of mouse genomic, genetic, and phenotypic information.
MGD provides hypertext links to several other databases. See [MGDb] for a comprehensive list of
cross-linked databases.

Data modelling, data storage, and data acquisition. MGD is implemented using the relational
DBMS Sybase. There is no information about the underlying schema of the database. Probably, if
one registers for direct access via SQL-queries, detailed information on the database schema will be
provided.

In collaboration with SGD (cf.[/A-I00) and FlyBase (df._A.34), MGD is developing a biological
ontology to use standardised vocabulary to annotate genes or gene products.

Data are acquired from other databases and from submissions of the scientific community. The
database is updated daily.

Data retrieval and query answering. Data from MGD are accessible via several fixed-form query
interfaces or indirectly by browsing through clickable maps.

Users may also access MGD directly viaahhoc query interface, expressing their query in SQL.
But this requires registration first. Registrated users get support via e-mail and phone.

Flat file versions of MGD are available for download at MGD’s homepage or at several mirror sites
around the world (see [MGDal]).

Standard data analysis tools are with the database.


http://www.merops.co.uk/merops/merops.htm
http://www.informatics.jax.org/
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No information available.

Literature on MGD:

[MGDa] J.Blake et al. The Mouse Genome Database (MGD): Expanding Genetic and Genomic

Resources for the Laboratory Mou$ducleic Acids Researc8(1):94-99, 2000.

[MGDb]  http://www.informatics.jax.org/userdocs/overview.shtml

A.63 MIPS: The Munich Information Center for Protein Sequences

Provider and access. The Munich Information Center for Protein Sequences (MIPS-GSF) near Mu-
nich/Germany provides several high quality curated genome databases. All databases can be accessed
at: htp://www.mips.biochem.mpg.de

Contents. Databases provided at MIPS are:

MATDB: The MIPSArabidopsis thaliandatabase (MATDB) stores comprehensive informa-
tion about the sequences of tAmbidopsis thaliangenome. Sequence data are annotated with
biological information.

MNCDB: The MIPSNeurospora crassBatabase (MNCDB) is the result of the genome anal-
ysis of two chromosomes deurospora crassaMIPS is responsible for analysing the data,
gene modelling and annotating predicted proteins and other genetic features of chromosome Il
and V within the GermaiN. crassasequencing project.

MYGD: The MIPS Yeast Genome Database (MYGD) presents a comprehensive database which
summarises the current knowledge regarding the more than 6000 ORFs encoded by the Yeast
Genome.

HIB: The Human Information Base (HIB) is a database of automatically annotated human gene
clusters including a functional classification of human proteins based on systematic homology
and pattern analysis.

Database of the complete cDNA sequences from the DHGI: a result of efforts within the
German Human Genome Project (DHGP). All EST and complete cDNA data are stored in this
database.

ProtFam: The Protein Sequence Homology Database (ProtFam) is a curated database of ho-
mology clusters (protein super-families, protein families and homology domains). Classifica-
tion results are directly copied to the entries of the PIR-International Protein Sequence Database
(PSD better known as PIR).

PEDANT: PEDANT is a standalone program package that performs a complete structural and
functional characterisation of protein sequence sets using a suite of highly sophisticated bioin-
formatics tools.


http://www.informatics.jax.org/userdocs/overview.shtml
http://www.mips.biochem.mpg.de
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Data items are hypertext linked within MIPS and to other data sources.

Data modelling, data storage, and data acquisition. The Database of the complete cDNA se-
quences from the DHGP is stored in an object database. PEDANT is implemented using the freely
available relational DBMS MySQL. There is no information about the implementation of the other
databases at MIPS nor on the modeling of all MIPS resources.

In general, new data are acquired by MIPS from collaborating research groups and submissions from
the community.

Data retrieval and query answering. All databases at MIPS are accessible via several fixed-form
query interfaces. There is rd-hoc query interface available. The data can be browsed.

There is no flat file distribution available.
Size. No information available.

Literature on MIPS:

[MIPSa] H.W. Mewes et al. MIPS: A Database for Genomes and Protein SequeXigelgic
Acids Researgh28(1):37-40, 2000.

[MIPSb]  http://www.mips.biochem.mpg.de

A.64 MitBASE

Provider and access. The database is maintained by a collaboration between the European Bioinfor-
matics Institute (EBI) at Cambridge/UK, the University of Bari/ltaly, and several other academic insti-
tutes. MitBASE is accessible dittp://www3.ebi.ac.uk/Research/Mitbase/mitbase.

pi

Contents. MIitBASE is an integrated database of mitochondrial DNA data. It collects under a single
interface databases for Plant, Vertebrate, Invertebrate, Human, Protist and Fungal mitochondrial DNA.

MitBASE is a collection of specialised "sub-databases”. There is no information about hypertext links
provided by MitBASE.

Data modelling, data storage, and data acquisition. The whole database is centrally structured
under an ORACLE DBMS at EBI. For each sub-database an ORACLE database structure has been
designed and implemented. Moreover, each sub-database is locally managed by commercial DBMSs
such as MS Access and FileMaker Pro, or simple editor systems working on flat file data.

The sub-databases currently include (see [MitBa] for further information):


http://www.mips.biochem.mpg.de
http://www3.ebi.ac.uk/Research/Mitbase/mitbase.pl
http://www3.ebi.ac.uk/Research/Mitbase/mitbase.pl
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¢ Human MitBASE database

Fungal MitBASE database

MitBASE Pilot database

Plant and Algae MitBASE database

Protist MitBASE database

e \ertebrate database

e Invertebrate MitBASE database

Data are acquired from the literature and external databases such as EMBL (¢f. A.28) and GenBank
(cf. AZ38). Data from personal communications are also added. Individual researchers are able to
submit updates via a web-based submission form.

Data retrieval and query answering. The integrated MitBASE database can be queried at the EBI
web site through different approaches or can released in a flat file format suitable for the Sequence
Retrieval System (SRS, cf. Chap[er4.3.7).

The approaches to retrieve data from MitBASE are:

e to browse a hierarchical structure of the keywords related to mitochondrial gene names and
regulatory regions

e to execute fixed-form queries via a dedicated interface

e to use the SRS at EBI for searching

There is no interface to express and exeadtéoc queries.

A list of the mitochondrial translation tables specific to each organism is also provided to help re-
searchers translating nucleotide sequences into amino acid sequences.

There is no flat file distribution offered for download.

Size. Currently MitBASE contains approximately 14 000 entries. Detailed information about the
current size is provided at [MitBb].

Literature on MitBASE:

[MitBa] M. Attimonelli et al. MitBASE: a comprehensive and integrated mtDNA database: the
present statusNucleic Acids Researc28(1):148-152, 2000.

[MitBb] http://www3.ebi.ac.uk/Research/Mitbase/mitbase.pl


http://www3.ebi.ac.uk/Research/Mitbase/mitbase.pl
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A.65 MitoNuc/MitoAln

Provider and access. MitoNuc and MitoAln are provided by a collaboration of the University of
Bari, the University of Milan, and the C.N.R. at Bari (Italy). Both databases can be accessed at:
http://bighost.area.ba.cnr.it/srs/

Contents. MitoNuc and MitoAln are two related databases providing information on genes that
code for mitochondrial proteins and are encoded in the nuclear DNA. MitoNuc is the resource that
contains all annotated nucleotide sequences of the according genes. MitoAln contains gene entries
structured in homology families and relevant nucleotide and protein multi-alignments.

Hypertext links to external databases such as among others EMBL{ct. A.28) and SWISS-PROT (cf.
[A103) are provided. Both MitoAln and MitoNuc databases are cross-linked with each other.

Data modelling, data storage, and data acquisition. MitoNuc and MitoAln are both flat file
databases. Each database consists of entries that are explicitly structured by line types (search in-
dexes). MitoNuc and MitoAln entry flat file structures are presented in [MITOal].

Data are acquired from other databases (primarily from EMBL) and the scientific literature. Sequence
alignments in MitoAln are produced automatically and are optimised manually.

Data retrieval and query answering. MitoNuc and MitoAln can only be accessed via the Sequence
Retrieval System (SRS, cf. Chapfer4.3.7). A local SRS server is installed at the MitoNuc/MitoAln
homepage.

There is no further interface to both databases. The files cannot be downloaded via FTP.

Size. No information available.

Literature on MitoNuc/MitoAln:

[MITOa] G. Pesole et al. MitoNuc and MitoAln: two related databases of nuclear genes coding
for mitochondrial proteinsNucleic Acids Researc8(1):163-165, 2000.

[MITOb] http://bio-www.ba.cnr.it:8000/BioWWW/

A.66 MITOP: The Mitochondrial Proteome Database

Provider and access. The Mitochondrial Proteome Database (MITOP) is build upon a collaboration
of several academic institutes in Munich, Germany and is maintained by the Munich Information
Centre for Protein Sequences (MIPS) at Munich, Germany. MITOP can be accesgdtpat:
fiwww.mips.biochem.mpg.de/proj/medgen/mitop


http://bighost.area.ba.cnr.it/srs/
http://bio-www.ba.cnr.it:8000/BioWWW/
http://www.mips.biochem.mpg.de/proj/medgen/mitop
http://www.mips.biochem.mpg.de/proj/medgen/mitop

190 APPENDIX A. DIRECTORY OF 120 SELECTED DATABASES

Contents. MITOP is a comprehensive database for genetic and functional information on both
nuclear- and mitochondrial-encoded proteins and their genes. It provides hypertext links to several
other databases and the literature (see [MITOPDb]).

*P1; CCMET - cptochrome o, testis-specific - mouse
MEDAEAGKETFVOX.CAQCHTVEEGGEHET GPHLWGLF GRET GOAF GF ¥ TDAREREGT I
SEETLMEYLEHPFEYIPGTEMIFAGIEYY.SEREDLIEYLEOATSS

*P1; CEMS - wbiguinol--cptochrome-c¢ ceductasze (EC 1.10.2.2) cptochrome b - mouse
MTHHMEETHPLFEITHHSFIDLFAP SHI S SWWHF GSLLGW CLMYWOIIT GLFLAMHYT SDTH

TAHF SV THL CEDWHY GWLIEYMHAHGASHMFFICLFLHV GRGLY Y GS¥ TFHMETWHIGVLLL
FAVMATAFN G¥VLFWGEOM SFWGATVITHLL SATPYIGTTLVEWIWG GF SWIFATLTEFFA
FHFILFPFITAALATVHLLFLHET GSHHPT GLHSDADETIPFHPYYTIFDILGILTMFLILM
TLYLFFPDML GDFDHYMPARPLATPPHIFPEVY FLFAYATLESIPHEL GGV LALILSILT
LALMPFLHT SEORSLMFRPITOILYWILWAHLLILTWIGEOPYEHFPFITITIGOLASTISYF S
ITLILMPFISGITEDFMLELYFR

*P1; DEMSHM - malate dehpdroogenase (Ec 1.1.1.37) precursor, mitochondrial - mouse
ML SALARFAGAALPRSFST SAOHAAEYATL GASGGIGOPLSLLLYH SPLY SELTLYDTAH
TPGWAADL SHTETREAHVEGY LGFEOLPOCLEG DWWV IPAGYPEER GMTEODDLFATHATT
VATLTAACAOHCPEAMV CITANFWHETIPITAEVFEXHGWYHPREIF GV TTLDIWVEANTF
FTAELEGLDPARYVHYWEVIGGHAGKETITIPLI SOCTPEVDFFODOLATLT GETOEAGTEVVER
FAGAGSATL SMAY AGARFYWF SLYDAMHGEEGVVEC SFVWOSEETECTYFSTPLLL GEEGLE
FHLGIGKITPFEEFMIAEATPELFASTIFE.GEDFWERME

*p1; 704210 - S-hpdroxypacpl-cof dehpdeogenase (Ec 1.1.1.35), short
MAFYTEOFLESMS S S5 SASAAARFILIEHWTVIGGGLMGAGTANYAAAT GHT VW LWOOTE
DILAKSFFGIEESLFPMAY X FTEHPYAGDEFVERTLECLET STDAASVWD STDLWVEAT
WEHLEL¥HELFORLDYFAAREHTIFASHT SSLOITHIANATTEODEF AGLHFFHFWERMMEL
VEWIETFMT SOETFESLYWIDF CETL GEHPY S SKDTE GFIVHELLYPYLIEAVELHERGDAS
FEDIDTAMFLGAGYFPMGPFELLDY WV GLDTTEFILD GWHEMEFEHFPLF OF 3P SMHHL VAQY.
FLGEETGEGFYEYY.

*P1;I48966 - aldehpde dehpdrogenase (HAD+Y (Ec 1.2.1.3% & precursor,
MLEAALTTVWERGPERL SPLL SAAAT SAVPAFPRHOFPEVF CHOIFIHREWHDAY SEETFPTVH
PRTGEVICOVAEGHEEDVWIEAVEAARAAF OLGSFWEFMDASDEGELLYRLADLTERDETY
LAALETLDHGERPYWISYLWILDMWLECLEY Y AGWADEYHGETIFIDGDFF 3¥Y TREHERT GF
CGEOIIPWAFPLLY OAWEL GPALAT GHVVWHMEVAE OTPLTALYVARLIKEAGFFF GWVHIWV
PGFGPTAGAATASHE GVDEVAFT GSTEYV GHLIOWAAGSSHLERYWTLEL G GESFAIIMSDA
DHIWAYE QAHFALFFAOGOCCCAGSRETFWOERTYDEFVERSTARAR.SREVY GHPFDSETEQ
GPOWDETOFEFILGYIKSGO00EGAFLLCGEGAAADRGYFIOFTVWF GDVED GMTIAFEELIF
GPYHMOILEFETIEEVVGRARD SEY GLAAAWFTEDLDEARYL SOAL OAGTWWIHCYDVE GA
OSPFGEYFNEGEGPELGEY GLORYTEVET VT VEVF OEHS

FIGURE A.22: First five entries of the “mouse” flat file in MITOP.
Data modelling, data storage, and data acquisition. MITOP consists of five flat files with se-
guence and annotation data. Each file contains information on a specific organism:

e S. cerevisiadyeast)

e M. musculugmouse)

C. elegangworm)

N. crassabread mold)

H. sapienghuman)

The first five entries of the file with the data concerned to the mouse is shown in Figuje A.22.
Data are acquired from other databases and the literature.

Data retrieval and query answering. Data in MITOP can be retrieved in several different ways.
A simple fixed-form query interface supports searching by keyword or gene names. Several entry
points allow hierarchical browsing of the database by distinct topics such as protein classes, protein
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complexes, subcellular location, EC number, etc. The MITOP sequence files can also be downloaded
via FTP.

There is naad-hoc query interface.

Size. The files currently require:

S. cerevisiagyeast) 170 KB
M. musculugmouse) 44 KB
C. elegangworm) 20 KB
N. crassabread mold 32 KB
H. sapienghuman) 118 KB
Sum 384 KB

Literature on MITOP:

[MITOPa] C. Scharfe et al. MITOP, the Mitochondrial Proteome Database: 2000 Updiatéeic
Acids Researgh28(1):37-40, 2000.

[MITOPD] http://www.mips.biochem.mpqg.de/proj/medgen/mitop/
description

A.67 MMDB: The Molecular Modeling DataBase

Provider and access. The Molecular Modeling DataBase (MMDB) is provided by the NCBI/NIH
at Bethesda/USA and can be accessed through NCBI's retrieval system Entngipavww.
ncbi.nim.nih.gov:80/Structure/MMDB/mmdb.shtmi

Contents. MMDB is a protein structure database. MMDB provides links to several other databases.
Via Entrez (cf. Chaptelr 4.3.4, MMDB is connected to all other databases at NCBI, such as GenBank
(cf. A38), OMIM (cf. [A-72), PubMed (cffA-90), etc. There are also hypertext links to the PDB.

Data modelling, data storage, and data acquisition. MMDB is a database of ASN.[[5]-formatted
records. The records are stored in files.

Data are derived from the Protein Data Bank (PDB[CI_A.75).


http://www.mips.biochem.mpg.de/proj/medgen/mitop/description
http://www.mips.biochem.mpg.de/proj/medgen/mitop/description
http://www.ncbi.nlm.nih.gov:80/Structure/MMDB/mmdb.shtml
http://www.ncbi.nlm.nih.gov:80/Structure/MMDB/mmdb.shtml
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Data retrieval and query answering. MMDB can be accessed through Entrez (cf. Chapterj4.3.4).
Entrez supports searching via a fixed-form query interface against protein names, author names, etc.
In addition, results of these queries can be logically combined. Data can be downloaded via FTP.

There is nad-hoc query interface, the data cannot be browsed.

Several analysis tools are accessible via the database. E.g. neighbours are identified automatically
using the BLAST [4] (sequence neighbours) or the VAST (structure neighbours) algorithms. Several
visualisation tools allow representing the 3D structure of the proteins.

Size. Currently MMDB contains of over 14 000 files, each requiring between approximately 5 KB
and 1.5 MB. MMDB is currently updated once per month.

Literature on MMDB:

[MMDBa] Y. Wang et al. MMDB: 3D Structure Data in EntrezNucleic Acids Research
28(1):243-245, 2000.

[MMDBb] http://www.ncbi.nim.nih.gov:80/Structure/MMDB/mmdb.shtml

A.68 ModBase

Provider and access. ModBase is maintained at the Rockefeller University, New York, USA and
can be accessed through a web interfac@p://pipe.rockefelier.edu/modbase/

Contents. ModBase is a database of annotated comparative protein structure models. These models
are generated by a computer program calledoRIPE, relying on the programs PSI-BLAST and
MODELLER. The database currently stores 3D models for substantial portions of about 17 000 pro-
teins from several organisms. ModBase contains theoretically calculated models, which may contain
significant errors, not experimentally determined structures.

Hypertext links to several other databases, such as PDB{cf] A.75), CATHTcl. A.12), SWISS-PROT
(cf. ATI03), etc., are provided.

Data modelling, data storage, and data acquisition. The database stores structure models for seg-
ments of proteins. Each model has its atom coordinates stored in a flat file in PDB formiat (¢f. A.75).
Currently ModBase is undergoing some transitions, thus the database will be perhaps implemented
next year using a standard DMBS. But it seems more likely that ModBase is just migrating to another
location and don not change its flat file implementation..

A list of data source of ModBase is available at [ModBb], following the link “sequence sources”.

Data retrieval and query answering. Due to the undergoing transition of ModBase, currently only
a subset of the models in the database is available at [ModBDb].


http://www.ncbi.nlm.nih.gov:80/Structure/MMDB/mmdb.shtml
http://pipe.rockefeller.edu/modbase/
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ModBase is accessible via its home page at [ModBb], providing several fixed-form query interfaces.
The database is searchable by several features and items such as SWISS-PROT (cf. A.103) accession
numbers, ORF names, keywords, model size, etc. It is also possible to perform sequence similarity
search against the model sequences using BLAST [4].

There is naad-hoc query interface, no possibility to download the data via FTP, and no hierarchy to
browse ModBase.

Size. No information available.

Literature on ModBase:

[ModBa] R. Sanches et al. ModBase, a Database of Annotated Comparative Protein Structure
Models.Nucleic Acids Researc8(1):250-253, 2000.

[ModBb] http://pipe.rockefeller.edu/modbase/

A.69 MPW: The metabolic Pathway Database

The Metabolic Pathway Database (MPW) was originally developed at the Institute of Theoretical and
Experimental Biophysics in Moscow, Russia and is most likely now maintained at WIT {Cf.]A.115).

A.70 MTB: The Mouse Tumor Database

Provider and access. The Mouse Tumor Biology Database (MTB) is provided by the Mouse Genome
Informatics Group of The Jackson Laboratory at Bar Harbor/USA. It is accessible via WWW together
with the MGD (cf.[A%62) and GXD (cf[A=39) aihttp://informatics.jax.org

Contents. The MTB provides access to information about tumors in genetically defined mice. A
major focus for database development during the past years was to increase the number and diversity
of tumor histopathologic images. Certain data items are (hypertext) linked to other databases such as
the MGD (cf[A62), the GXD (cf[A:39), and MEDLINE (cf_A™59).

Data modelling, data storage, and data acquisition. The MTB was originally implemented as a
relational database using the relational DBMS FileMaker Pro 4. It is still a prototype. The schema
consists of 36 tables and is described in more detail in [MTBb]. In the future, MTB is going to migrate
to Sybase and to integrate it with other databases in the MGI Group (GXD, MGD).

Data are classified in six key information areas (tumor type, tumor frequency and latency, tumor
genetics, tumor pathology, mouse strain, and reference).

Controlled vocabularies are used in MTB to ensure accuracy and completeness of responses to user
queries.


http://pipe.rockefeller.edu/modbase/
http://informatics.jax.org
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Data are primarily obtained from the scientific literature and direct submissions from the research
community.

Data retrieval and query answering. Access to MTB is provided using multiple web-based fixed-
form query interfaces. Each form corresponds to one of the six key information classes. In addition,
the database can be searched by accession ID of any object in the database.

There is no interface to express and executéoc queries. Flat file release for download is not
provided. There is no hierarchy to browse through for data retrieval.

Size. No information available.

Literature on MTB:

[MTBa] C.Bultetal. Mouse Tumor Biology Database (MTB): enhancements and current status.
Nucleic Acids Researc8(1):112-114, 2000.

[MTBb] C. Bult, D. Krupke, and J. Eppig. Electronic Access to Mouse Tumor Data: the Mouse
Tumor Biology Database (MTB) Projedtlucleic Acids Resear¢cR7(1):99-105, 1999.

[MTBc] http://tumor.informatics.jax.ora/about\protect\unhbox\
voidb@x\kern.0Obemivbox{\hruiewidth.3em}mti.htmi

A.71 NDB: The Nucleic Acid Data Bank

Provider and access. The Nucleic Acid Data Bank (NDB) is provided by the Rutgers Univer-
sity/USA. It is accessible ahttp://ndbserver.rutgers.edu:80/

Contents. NDB provides annotated data on three dimensional structures of nucleic acids resulted
from NMR experiments. It is cross-linked with the PDB (Cf—_A.75) and the BMRB[{Ci-]A.10).

Data modelling, data storage, and data acquisition. The NDB is most likely internally managed

by a relational DBMS. The data are converted into the so-called “mmCIF” file format which is part
of the “Self-Defining Text Archive and Retrieval” (STAR) formai[32]. The STAR format is used as
data exchange format.

Data in the NDB are acquired from the literature, external databases and submissions of researchers.
A special data submission tool is provided to assist biochemical researchers in data submission to
NDB.

Data retrieval and query answering. NDB provides a fixed-form query interface where the user
can fill in some query forms.


http://tumor.informatics.jax.org/aboutprotect unhbox voidb@x kern .06emvbox {hrule width.3em}mtb.html
http://tumor.informatics.jax.org/aboutprotect unhbox voidb@x kern .06emvbox {hrule width.3em}mtb.html
http://ndbserver.rutgers.edu:80/
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In addition, the NDB interface at [NDBb] provides the capability to browse through tables (these
tables seemed to be the existing tables of the underlying relational model) and their attributes. To
retrieve a single data item the user must fill in keywords that will be used to search against the chosen
attribute of the chosen table.

There are nad-hoc query interfaces nor capabilities to download the data as files.

Size. No information available.

Literature on NDB:

[NDBa] H. Berman et al. The Nucleic Acid Database: present and futlanernal of Research
of the National Institute of Standards and Technol|dd1(3):234-257

[NDBDb] http://ndbserver.rutgers.edu:80/

A.72 OMIM: Online Mendelian in Men

Provider and access. The Online Mendelian Inheritance in Man (OMIM) database is developed at
Johns Hopkins University and is maintained by the National Center for Biotechnology Information
(NCBI), USA. It can be accessed via NCBI's integrated retrieval system Entrez (cf. Chapter 4.3.4).

Contents. OMIM is a catalog of human genes and genetic disorders. It provides links to all databases
at the NCBI via Entrez (cf. Chaptgr4.3.4) and several external sources.

Data modelling, data storage, and data acquisition. There is no information available about the
data modelling and management. In fact, there is a flat file release of OMIM (see below) but that does
not mean that OMIM is stored internally at the NCBI as a flat file database. More likely, the data is
stored as ANS.1]5] structured files.

Data are probably acquired from the research community (especially from the Johns Hopkins Univer-
sity).

Dataretrieval and query answering. OMIM provides several complex fixed form query interfaces.
Search strings may consist of a keyword or several keywords combined with boolean operators (see
[OMIMDb] for details).

The entire database can be downloaded as flat file(s) via FTpaitncbi.nim.nih.gov/
repository/OMIM/
There are nad-hoc query interface nor a browsable hierarchy for data retrieval.

Size. The compressed flat file of OMIM requires currently about 30 MB.


http://ndbserver.rutgers.edu:80/
ftp://ncbi.nlm.nih.gov/repository/OMIM/
ftp://ncbi.nlm.nih.gov/repository/OMIM/
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Literature on OMIM:

[OMIMa] D. Wheeler et al. Database Resources of the National Center for Biotechnology Infor-

mation.Nucleic Acids Resear¢c28(1):10-14, 2000.

[OMIMDb]  http://www.ncbi.nlm.nih.gov:80/entrez/Omim/omimhelp.html

A.73 00TFD: The object-oriented Transcription Factors Database

Provider and access. The object-oriented Transcription Factors Database (00TFD) is maintained
by the Institute for Transcriptional Informatics at Pittsburgh/USA. It can be accessdttpt:
fiwww.ifti.org/

Contents. 00TFD contains information about transcription factor binding sites, as well as composite
relationships within transcription factors. It provides hypertext links to major sequence databases such
as GenBank (cf-A-36), EMBL (cf-A28), SWISS-PROT (Ef_AL03) and PSD/PIR[{Cf]A.79)
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FIGURE A.23: Data flow between 0oTFD, its tools, and other resources (taken from [ooTFDa])

Data modelling, data storage, and data acquisition. The 00TFD is based on data structures de-
rived from the tables of the original database, now referred to as rTFD (relational Transcription Factors
Database). 00TFD has been implemented in a number of object DBMSs includirfg(RGle-based

2http://cs.uregina.ca/ mliu/ROL/rol-release22.html


http://www.ncbi.nlm.nih.gov:80/entrez/Omim/omimhelp.html
http://www.ifti.org/
http://www.ifti.org/
http://cs.uregina.ca/~mliu/ROL/rol-release22.html
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Object Language), MOOD(Materials object-oriented database), and the pure java object database
ozond.

The most importatnt parts of the underlying schema are presented in [TDFa]. The flow of information
between this database, related data resources, and query and analysis tools is shown[in Fjgure A.23

Data are acquired from the scientific literature and external databases such as PSD|PTR](cf. A.79) and
SWISS-PROT (cf[AI03).

Data retrieval and query answering. The two categories of retrieval tools and services of 00TFD,
namely sequence analysis queries and database queries, are summarised in the following [TFDa and
TFDb]:

e a tool called "Tfsitescann”: Sites analyses can be performed, a service which constructs an
image-map in association with sequence analysis results which is linked to individual Sites
entries.

e atool called "Tfdaa/BLASTP”: Protein sequence analyses can be performed against the Polypep-
tides/Domains dataset (tfdaa) through a standard BLASTP (part of BLAST fools [4]) analysis.

e atool called "TF-Advisor”: A simple "knowledge-based"web tool which is available to a new
user for selecting the most suitable approach to performing a particular query.

e a tool called "ooTfd query tools”: Object database queries are currently possible through an
interface to the ozone implementation of 00TFD, and these generally provide links to the indi-
vidual database entries.

In addition the data can be downloaded via FTP at several mirror sites.
There is naad-hoc query interface nor a possibility to browse the data.

Size. Currently the zipped flat file of the MOOD database requires 3089 KB and the zipped file of
ozone requires 235 KB.

Literature on ooTFD:

[TFDa] D. Ghosh. Object-oriented Transcription Factors Database (oo TW2)eic Acids Re-
search 28(1):308-310, 2000.

[TFDb] http://www.ifti.org/

Shttp://mood.mech.hi-tech.ac.jp/home.html
“http:/ivww.softwarebuero.de/ozone-eng.html


http://www.ifti.org/
http://mood.mech.hi-tech.ac.jp/home.html
http://www.softwarebuero.de/ozone-eng.html
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A.74 ORDB: The Olfactory Receptor Database

Provider and access. The Olfactory Receptor Database (ORDB) is maintained at the Yale Uni-
versity School of Medicine, New Haven/USA. ORDB is a member of a consortium that provides
several databases with information about special proteins [ORDBa]. It is accessitigpat:
fiycmi.med.yaie.edu/senseiab/ordb/

Contents. ORDB is a database containing properties and sequences of special proteins. Hypertext
links to several other databases are provided.

Data modelling, data storage, and data acquisition. The data schema is based upon a model
called “EAV/CR” (Entity-Attribute-Value with Classes and Relationships). EAV/CR can be seen as
an object-relational model. It extends the basic principle of row modelling to allow complex data
values (classes) and the explicit representation of relationships in the database [ORDBa]. There is no
information about the concrete schema and the DBMS.

New data seem to be acquired only from collaborating laboratories.

Data retrieval and query answering. ORDB provides a fixed-form query interface for keyword
search. The database can also be browsed. An interface for a BIAST [4] sequence similarity search
is also available.

There is nad-hoc interface and no flat file release for download.

Although there is no such information provided, users seemingly have to register first before retrieving
data from ORDB.

Size. ORDB currently contains of about 1100 objects. There is no further information available.

Literature on ORDB:

[ORDBa] E. Skoufos et al. Olfactory Receptor Database: a Sensory Chemoreceptor Resource.
Nucleic Acids Researc8(1):341-342, 2000.

[ORDBb] http://ycmi.med.yale.edu/senselab/ORDB/

A.75 PDB: The Protein Data Bank

Provider and access. The Protein Data Bank was established at Brookhaven National Laborato-
ries in 1971. In October 1998, the management of the database became the responsibility of the
Research Collaboratory for Structural Bioinformatics (RCSB). The PDB is accessibigt@at:
f[IWWW.rcsb.org/pdi/


http://ycmi.med.yale.edu/senselab/ordb/
http://ycmi.med.yale.edu/senselab/ordb/
http://ycmi.med.yale.edu/senselab/ORDB/
http://www.rcsb.org/pdb/
http://www.rcsb.org/pdb/
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Contents. The PDB is the single worldwide archive of structural data of biological macromolecules.
PDB entries are linked to MEDLINE (cf_A59). The RSCB web page provides a collection of useful
links to other databases.

Data modelling, data storage, and data acquisition. Currently the PDB is based upon five major
components (see [PDBa]):

¢ the core database provides the central physical storage for the primary data in PDB. It is man-
aged by the relational DBMS Sybase.

e a database contains indexed objects with native and derived properties. This database is based
upon a model called Property Object Model (POM).

¢ the Biological Macromolecule Crystallisation Database (BMCD) contains three general cat-
egories of literature derived information (macromolecular, crystal, and summary data). It is
managed by the relational DBMS Sybase.

e the Netscape LDAP server is used to index the textual content of the PDB in a structured format.
It also provides support for keyword searches.

o the final (curated) data are stored in files

In the following we will take a look on the final data stored as flat files: Each PDB entry is stored
in an own flat file. The format of an entry is defined in the Guide to Authors v2.1 (draft) provided
by the PDB at [PDBc]. The database currently contains entries in at least four distinct formats, v1.0,
v2.0, v2.1, and v2.2. There is significant undocumented variation within a given format that makes
e.g. consistent parsing difficult [PDBb].

There is an underlying ontology of about 1700 terms that define the macromolecular structure and
the crystallographic experiment. This ontology, which is called “macromolecular Crystallographic
Information File” (mmCIF) dictionary, is only developed for data derived from crystallographic ex-
periments. The mmCIF dictionary defines also an alternative file format the so-called STAR format
[32]. An ontology for data derived from NMR is currently under construction. The final curated files
are stored as ASCII files in PDB and mmCIF formats in the FTP archive. PDB files in XML format
are planned as future developments.

Data are acquired from the research community by submission. Data may be submitted via email or
a tool called "AutoDep Input Tool” (ADIT). ADIT is also built upon the mmCIF ontology. Several
checks during data acquisition ensure correctness. Details on the data acquisition procedures can be
obtained from [PDBa].

Data retrieval and query answering. The PDB can be searched via different fixed-form query
interfaces. The database can be searched by PDB ID or by keywords. A third interface provides a
fill-in form to query several fields of the PDB.

The data is also distributed to the community in the following ways:

o flat file download via FTP (updated weekly) from RCSB.

o flat file download via FTP from other mirror sites.
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e CD-ROM (quarterly released)

There is naad-hoc query interface nor a possibility to browse the data.

Size. The PDB currently stores 13672 structures. A sample file containing one entry e.g. requires
about 200 KB. But there is no information about the average size of the entries nor about the size of
the entire database.

Literature on PDB:

[PDBa] H. Berman et al. The Protein Data BaMNucleic Acids ResearcB8(1):235-242, 2000.

[PDBDb] H. Weissig and P. Bourne. An Analysis of the Protein Data Bank in Search of Temporal
and Global Trends.

[PDBCc] http://www.rcsb.org/pdb/info.html

A.76 PEDANT

seeMIPS (AG3 at pag€ 186)

A.77 PEDB: The Prostate Expression Database

Provider and access. The Prostate Expression Database (PEDB) is maintained at Seattle/USA. It is
freely accessible ahttp://www.pedb.org/

Contents. PEDB stores gene expression information derived from human prostate. It provides hy-
pertext links to other relevant WWW resources (databases and tools).

Data modelling, data storage, and data acquisition. PEDB is implemented upon a relational
DBMS. Further information about the schema and data flow of PEDB is presented at [PEDBDb].

Data are acquired from other databases and the scientific literature.

Data retrieval and query answering. PEDB can be queried by BLASTI[4] similarity search or via
a fixed-form query interface. A data analysis tool called "Virtual Expression Analysis Tool” (VEAT),
written in Java, provides the ability to browse expression data of different species.

For access to PEDB, the user has to register at first (free of charge).
Most likely there are no query interfaces to access PEDB nor a flat file release for download via FTP.


http://www.rcsb.org/pdb/info.html
http://www.pedb.org/
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Size. No information available.

Literature on PEDB:

[PEDBa] P. Nelson et al. The Prostate Expression Database (PEDB): Status and Enhancements
2000.Nucleic Acids Researc8(1):212-214, 2000.

[PEDBb] http://www.pedb.org/OVERVIEW/

A.78 Pfam: The Protein Families Database

Provider and access. The Pfam database is maintained at the Sanger Centre near Cambridge, UK.
It is accessible athttp://www.sanger.ac.uk/Software/Pfam/

Contents. Pfam is a collection of protein domain sequences that are classified into families accord-
ing to multiple sequence alignments and profile hidden Markov models. Hypertext links to external
databases such as PDB (cf—A.75), PROSITE[(Cf.]A.85), and InterPrio(Ci. A.50).

Data modelling, data storage, and data acquisition. The data are stored in several flat files (see
[PFAMa] and Pfam web site for details). Most files are explicitly structured. There is e.g. one file
containing all sequence data of the according proteins in FASTA-format [56], and one file containing
the full alignments of the curated families.

Data in Pfam are acquired primarily from SWISS-PROT (cf._Al103). These data are processed to
generate the Pfam database. [PFAMb] provides more information about the data acquisition and
transformation.

Data retrieval and query answering. Pfam can be accessed via several complex fixed-form query
interfaces. There are possibilities to query keywords or a protein sequence against the database. One
interface allows the user to search for multiple organism names, several names can be combined using
the boolean operators AND, OR, and NOT.

There is naad-hoc query interface.

The classification of Pfam can also be browsed to retrieve single data items. In addition, the Pfam flat
files can be downloaded via FTP #p://ftp.sanger.ac.uk/pub/databases/Pfam

Size. Allflat files are large and each require between 8 and 67 MB.

Literature on Pfam:


http://www.pedb.org/OVERVIEW/
http://www.sanger.ac.uk/Software/Pfam/
ftp://ftp.sanger.ac.uk/pub/databases/Pfam
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[PFAMa] A. Bateman et al. The Pfam Protein Families Databalkeicleic Acids Research
28(1):263-266, 2000.

[PFAMb] http://www.sanger.ac.uk/Software/Pfam/help/gstart.shtml

A.79 PSD: PIR-International Protein Sequence Database (also known
as PIR)

Provider and access. The PSD is offered by the Protein Information Resource (PIR) at the National
Biomedical Research Foundation, USA, in collaboration with MIPS[{Cf.]JA.63) and the Japan Interna-
tional Protein Sequence Database (JIPID). The database is publicly accessible on the PIR web-site at:
http://pir.georgetown.edu

or at: http://www.mips.biochem.mpg.de

Contents. The PSD is a resource for annotated protein sequences. Entries are classified into family
groups and alignments of each group are available. Full releases are published quarterly (interim
updates are publicly available weekly). In addition to PSD, PIR-International provides WWW access

to other databases and maintains several internal data collections used for sequence annotation and
integrity check:

e PATCHX: is a non-redundant database produced by MIPS of publicly available protein se-
guences that are not yet added to PSD. PSD and PATCHX is the most complete hon-redundant
collection of protein sequences available in the public domain.

e ARCHIVE: is a database of protein sequences as originally reported in a publication or submis-
sion.

e NRL_3D: is a sequence-structure database which is produced from sequence and annotation in
the PDB (cf.[A7DP). It makes the sequences in the PDB available for similarity search and data
retrieval.

e FAMBASE: is a collection of representative sequences from each protein family that can be
used in a similarity search to reduce search time and improve sensitivity for identifying distant
families.

e PIR-ALN: is a curated database of sequence alignments of super families, families and homol-
ogy domains, with annotation information derived from PSD.

e RESID: is a database of post-translational modifications with descriptive, chemical, structural
and bibliographic information.

e ProClass: is a protein family database that organises non-redundant PSD and SWISS-PROT (cf.
AI03) sequences according to PIR super families and ProSite (Ci. A.85) patterns. For detailed
information about ProClass sge A.83 at page 207.

e ProtFam: is a curated database of homology clusters with automatically generated multiple
sequence alignments for families, super families and homology domains. See also MIPS (cf.

AB3).


http://www.sanger.ac.uk/Software/Pfam/help/gstart.shtml
http://pir.georgetown.edu
http://www.mips.biochem.mpg.de
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The PIR provides hot-links to other sequence databases, including MEDLINETCf. A.59), PDB (cf.
A73), GDB (cf. [A35), OMIM (cf.[A.72), FlyBase (cf[_A:34), MIPS/Yeast (¢I._A.63), SGD/Yeast
(cf. BTI00), MIPS/Arabidopsis (cf_A®$3), and TIGR (¢f._A107) as well as context cross-references
between its own database entries.

Data modelling, data storage, and data acquisition. The PIR databases are organised by an
object-relational DBMS. A three-tier network computing architecture provides a framework for dis-
tributed object computing and Java-based WWW interfaces connect with the database server for
queries and updates. There is no documentation found on the data model. The flat file release is
separated in four data sets (annotated and classified entries only annotated entries, unverified entries,
unencoded or untranslated entries).

New data are acquired by PIR from the literature, by translation of nucleic acid sequences submitted to
GenBank (cf[A36), EMBL (cf[/A28), and DDBJ (cf-AJ22) or by submission to PIR-International.
Submission can be done via an electronic fill-in-form, e-mail or PC-compatible disks. PIR accept
submissed sequences only under few conditions (see PIR homepage). Annotations can be updated
later in the same way like submission of new data.

Data retrieval and query answering. The data can be accessed directly after download via FTP at:
ftp://nbrfa.georgetown.edu/pr or through search engines of three types:

e interactive text-based search engines which allow boolean queries of text fields. Output are
links to all results. The results are HTML-representations of flat files structured in PSD-format.

e standard sequence similarity search engines, including Peptide Match, Pattern Match, BLAST
[4], FASTA [b6], Pairwise Alignment and Multiple Alignment. A graphical output interface
is generated for each result with links to the HTML-representations of flat files structured in
PSD-format.

¢ advanced search engines that combine sequence similarity with annotations searches or evaluate
gene family relationships. A graphical output interface is generated as above.

Sequence searching is provided for PSD, NBD, PATCHX, FAMBASE, ProClass and the combined
PSD+PATCHX collections. Text and entry searching can be performed against PSD3DIRRIR-
ALN, and RESID databases. Quarterly a CD-ROM called ATLAS is available. ATLAS includes the
PSD, PIR-ALN, NRL3D, RESID and PATCHX as well as database retrieval software.

There is naad-hoc query interface nor a possibility to browse the data at PIR International.

Size. More than 150 000 sequences from many different organisms are available, more than 99%
of the entries are classified by protein families and more than 57% are classified by protein super
families.

Literature on PIR
Literature on PIR:


ftp://nbrfa.georgetown.edu/pr
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[PIRa] http://mww.mips.biochem.mpg.de/mips/more_cd_info.html

[PIRD] W. Baker et al. The Protein Information Resourbkicleic Acids Researcl28(1):41-
44, 2000.

A.80 PLMItRNA: a Database for tRNAs and their genes in plant mito-
chondria

Provider and access. PLMItRNA is maintained by the University of Bari/ltaly and freely accessible

Contents. PLMItRNA is a database for tRNA molecules and genes identified in the mitochondria
of all green plants. It reports information and multi-alignments on 254 genes and 16 tRNA molecules.

The current version of PLMItRNA database has been developed from a previous database for seed
plant tRNA molecules and genes [PLMb]. It was updated in Summer 1999 by analysing the whole
EMBL database using the Sequence Retrieval System (SRS, cf. Chapier 4.3.7).

Textual literature references are reported in the relative entries. There are no hypertext links to other
databases.

Data modelling, data storage, and data acquisition. The data are stored in a flat file consisting
of entries. Each entry is structured in 12 fields (line types). New data are acquired from EMBL (cf.
R-28), the scientific literature, and submissions from the community.

Data retrieval and query answering. Data can be retrieved from PLMItRNA via a local SRS
server. Several fixed-form query interfaces and a standard all text query form are provided.

The data can not be downloaded.
For similarity search the FASTAT56] program, which is with the database, can be used.
There is nad-hoc query interface nor a possibility to browse the data.

Size. PLMItRNA contains 452 entries for 436 genes and 16 tRNA sequences.

Literature on PLMItRNA:

[PLMa] V. Volpetti et al. PLMItRNA, a Database for tRNAs and tRNA Genes in Plant Mito-
chondria: Enlargements and Updatimducleic Acids Researc@8(1):77-80, 2000.

[PLMD] L. Ceci et al. PLMItRNA, a Database for tRNAs and tRNA Genes in Plant Mitochon-
dria. Nucleic Acids Researc7(1):156-157, 2000.


http://www.mips.biochem.mpg.de/mips/more_cd_info.html
http://bio-www.ba.cnr.it:8000/srs6/
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A.81 PombePD: The Pombe Proteome Database

Provider and access. The Pombe Proteome Database (PombePD) is maintained by Proteome Inc. at
Beverly/USA and accessible freely to academic useristgi://www.proteome.com/databases/

index_htmi

Proteome Inc. also provides WormPD (Ci-AJ116) and YPD[(Cf-A.119).

Contents. PombePD stores proteome information about the proteins of the pombe model organism.
Hypertext links to several other databases such as, among others, GenBank{cf. A.36), SWISS-PROT

(cf. &I03), MIPS (cf[ABR), and PubMed (¢f—_A]90) are provided.

Data modelling, data storage, and data acquisition. PombePD is based on a relational model
and uses the commercial software Oracle as DBMS. Further information about the data model is not
provided.

A controlled vocabulary for querying and analysing data in PombePD is enforced.
Data are gathered from the scientific literature and submissions of the community.

Data retrieval and query answering. The data are accessible via a (complex) fixed-form query
interfaces or an advanced full-text keyword search (several keywords can be combined by using the
boolean operators “AND”/"OR” ). PombePD can also be searched by the gene name encoding a
protein. The database can also be browsed starting at [PomDb], following links classified by several
categories to at least a list of all data items in the according category.

The data items are represented in a special format called the “Protein Report”. The Protein Report
lists all information about a protein in a HTML table. A comprehensive reference list with links to
their MEDLINE (cf. [A&59) abstracts are provided.

There is naad-hoc query interface nor a flat file release available.

Size. The current release (November 2000) stores information about 4787 proteins and provides
1888 references. The size of the data in MB is not available.

Literature on PombePD:

[PomDa] M. Costanzo et al. The Yeast Proteome Database and Caenorhabditis elegans Proteome
Database: comprehensive resources for organisation and comparison of model organism
protein informationNucleic Acids Researc8(1):73-76, 2000.

[PomDb] http://www.proteome.com/databases/index.html


http://www.proteome.com/databases/index.html
http://www.proteome.com/databases/index.html
http://www.proteome.com/databases/index.html
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FIGURE A.24: Data model of the PRINTS-S database (available at: http://bioinf.man.ac.uk/
dbbrowser/sprint/printss_data model.html )

A.82 PRINTS-S formerly known as PRINTS

Provider and access. PRINTS-S is maintained at the University of Manchester, UK. It can be ac-
cessed athttp://www.bioinf.man.ac.uk/dbbrowser/PRINTS/

Contents. PRINTS-S is a collection of protein family fingerprints. These are groups of motifs that
together are diagnostically more potent than single motifs.

Hypertext links to PubMed (c{ZA90) and SWISS-PROT (cf.A]103) are provided.

Data modelling, data storage, and data acquisition. PRINTS the predecessor of PRINTS-S was
implemented as a single flat file. The new version called PRINTS-S is now rebuilt with an object-
relational schema. The data model is shown in Figlure]A.24.

Data are acquired from other databases, primarily SWISS-PRO[ {Ci.]A.103).

Data retrieval and query answering. PRINTS-S allows all four common ways of data retrieval in
molecular biology databases:


http://bioinf.man.ac.uk/dbbrowser/sprint/printss_data_model.html
http://bioinf.man.ac.uk/dbbrowser/sprint/printss_data_model.html
http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/
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Several complex fixed-form query interfaces are available as well ag-Avc query interface (query
language seemed to be home-made but is documented).

PRINTS-S provides a classification of the data items to be browsed for data retrieval.

In addition, the entire database is available as a file (in object-relational format). The sequences stored
in PRINTS-S are available in a separate file (FASTA [56] format). These files can be downloaded via
FTP at:ftp://bicinf.man.ac.uk/pub/prints/

Size. The data file of PRINTS-S requires approximately 31 MB.

Literature on PRINTS-S:

[PRINa] T. Attwood et al. PRINTS-S: The Database Formerly Known as PRINTEleic Acids
Research28(1):225-227, 2000.

[PRINDb]  http://bioinf.man.ac.uk/dbbrowser/prints

A.83 ProClass

Provider and access. ProClass is maintained by the Protein Information Resource (PIR) in Wash-
ington, USA. PIR provides several other databased[{Ci.]A.79). ProClass can be accelsgpd at:
fipir.gecrgetown.edu/giserver/prociass.htmi

Contents. ProClass is a protein family database that organises non-redundant sequence entries into
families defined collectively by PIR (cf_AJ79) super-families and PROS[TE {A.85) patterns.

Data modelling, data storage, and data acquisition. Data are stored in an object-relational version

of the commercial DBMS Oracle. There is no information about the underlying schema available. In
addition, the data are stored in several flat files for distribution. A list of these files can be obtained
from [PROCLa], their formats are described in full detail at the ProClass homepage.

New data are derived from other databases, primarily PIR [[C[.]A.79), PROSITH (cf] A.85), and
SWISS-PROT (cf[AI03).

Dataretrieval and query answering. A fixed-form query interface provides keyword search against
special database objects. The database can also be searched by sequence similarity and family classi-
fication. A flat file release as mentioned above can be downloaded via FTP.

There is naad-hoc query interface. ProClass data cannot be browsed.

Size. ProClass contains more than 155 000 sequence entries. The zipped data files all together
require about 55 MB.


ftp://bioinf.man.ac.uk/pub/prints/
http://bioinf.man.ac.uk/dbbrowser/prints
http://pir.georgetown.edu/gfserver/proclass.html
http://pir.georgetown.edu/gfserver/proclass.html
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Literature on ProClass:

[PCLa] H. Huang, C. Xiao, and C. Wu. ProClass Protein Family Datab&keleic Acids
Research28(1):273-276, 2000.

[PCLb] http://pir.georgetown.edu/gfserver/pc_intro.html

A.84 ProDom and ProDom-CG

Provider and access. ProDom and ProDom-CG are maintained at INRA/CNRS in France.
ProDom can be accessed hattp://www.touiouse.inra.fr/jprodom.htmi
ProDom-CG can be accessediatp://www.toulouse.inra.friprodomCG.htmi

Contents. ProDom contains all protein domain families automatically generated from SWISS-PROT
(AI03). ProDom-CG results from a similar domain analysis as applied to completed genomes. Hy-
pertext links to other databases are provided.

Data modelling, data storage and data acquisition. There is no information about the data model
and it's implementation. In all likelihood, the data are stored in flat files. Data are acquired automat-
ically from SWISS-PROT and TrEMBL (cfi_AID3). For detailed information about the building of
ProDom see [PRODa].

Data retrieval and query answering. ProDom and ProDom-CG provide fixed-form query inter-
faces. Both databases can be searched for sequence similarity using BILAST [4]. Theredatedo
query interfaces. The data cannot be browsed.

Data can also be retrieved as a flat file by download via FTP or via the Sequence Retrieval System
(SRS, cf. Chaptdr4.3.7).

Size. The (zipped) flat files require between 16 MB (BLAST format) and 51 MB (SRS format).

Literature on ProDom/ProDom-C:

[PRODa] F. Corpet et al. ProDom and ProDom-CG: Tools for Protein Domain Analysis and
Whole Genome Comparisonducleic Acids Resear¢cR8(1):267-269, 2000.

[PRODD] http://www.toulouse.inra.fr/prodom/doc/www_info.html


http://pir.georgetown.edu/gfserver/pc_intro.html
http://www.toulouse.inra.fr/prodom.html
http://www.toulouse.inra.fr/prodomCG.html
http://www.toulouse.inra.fr/prodom/doc/www_info.html
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A.85 PROSITE

Provider and access. The PROSITE database is developed and maintained at the Swiss Institute for
Bioinformatics at Geneva. It can be accessedhtp://www.expasy.ch/prosite/

Contents. PROSITE consists of biologically significant protein profiles and patterns. New protein
sequences can be classified to an existing family (if matching) or building a new class of proteins.
Hypertext links to SWISS-PROT (cf.A-T03) are provided.

Data modelling, data storage, and data acquisition. PROSITE is a flat file database consisting of

two files. The first file (named PROSITE.DAT) consists of entries that are explicitly structured with
search indexes (see [PROSa] for a sample) and is not well human readable but in return it contains all
information necessary for computer programs that makes use of PROSITE.

The second file (named PROSITE.DOC) contains textual information that documents each pattern.
Entries in that file are mostly unstructured. Each entry is rather structured like an article.

Data seem to be acquired from SWISS-PROT [[Cf._A.103). Profiles for new SWISS-PROT sequences
are generated using sequence alignment as basis for classification.

Data retrieval and query answering. The PROSITE database provides several fixed form query
interfaces for data retrieval. Some search indexes of the PROSITE.DAT file can be searched for key-
word. A full-text keyword search is also possible. There isaddoc query interface, but PROSITE

can be accessed via the Sequence Retrieval System (SRS cf. Chapter 4.3.7).

In addition, the entire flat files (PROSITE.DAT and PROSITE.DOC) can be downloaded via FTP at:
ftp://www.expasy.ch/ftp/databases/prosite

Size. The PROSITE.DAT file requires approximately 4.0 MB and the PROSITE.DOC file requires
approximately 2.4 MB.

Literature on PROSITE:

[PROSa] K. Hofmann et al. The PROSITE database, its status in M89eic Acids Research
27(1):215-219, 1999.

[PROSDb] http://www.expasy.ch/prosite/

A.86 ProtFam

seeMIPS (A63 at pag€ I86) or PIRTA]79 at pgge]202)


http://www.expasy.ch/prosite/
ftp://www.expasy.ch/ftp/databases/prosite
http://www.expasy.ch/prosite/
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A.87 ProTherm:The Thermodynamic Database for Proteins and Mu-
tants

Provider and access. The Thermodynamic Database for Proteins and Mutants (ProTherm) is main-
tained at the Institute of Physical and Chemical Research (RIKEN), Japan. It is accessitije at:
fiwww.rtc.riken.go.jp/jouhou/Protherm/protherm.htmi

Contents. ProTherm provides numerical data for several thermodynamic parameters, structural in-
formation, experimental methods and conditions, functional and literature information. There are
hypertext links to several other structure and literature databases.

Data modelling, data storage, and data acquisition. There is no information about the data model
and implementation of ProTherm available. We guess that it is a flat file database. There is no
information about the data source.

Data retrieval and query answering. ProTherm provides a complex fixed-form query interface.
Data can only be retrieved via this query form. There isadéhoc interface, nor a possibility to
browse the data, nor flat file release for download.

Size. ProTherm currently consists of 7114 entries.

Literature on ProTherm:

[PROTHa] M. Gromiha et al. ProTherm Version 2.0: Thermodynamic Database for Proteins and
Mutants.Nucleic Acids Researc28(1):283-285, 2000.

[PROTHD] http://www.rtc.riken.go.jp/jouhou/Protherm/protherm.html

A.88 ProtoMap

Provider and access. ProtoMap is maintained at the Hebrew University at Jerusalem/Israel. It can
be accessed éitttp://www.protomap.cs.huji.ac.ii/search.htmi

Contents. The ProtoMap site offers an exhaustive classification of all proteins in the SWISS-PROT
(cf. AZI03) database.

Data modelling, data storage, and data acquisition. There is no information about the model and
implementation of the database. It seems that the proteins are classified, and each cluster stores links
to the SWISS-PROT (cf[CAZID3) entries of its members. The protein space (all known proteins in


http://www.rtc.riken.go.jp/jouhou/Protherm/protherm.html
http://www.rtc.riken.go.jp/jouhou/Protherm/protherm.html
http://www.rtc.riken.go.jp/jouhou/Protherm/protherm.html
http://www.protomap.cs.huji.ac.il/search.html
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SWISS-PROT) is represented as a weighted graph whose vertices are the sequences. The weight of
an edge between two sequences corresponds to their degree of similarity.

Data are acquired from the SWISS-PROT (cf._A]103) database. The classification procedure is de-
scribed in full detail in [PMAPD]. ProtoMap updates are associated with major SWISS-PROT updates.

Data retrieval and query answering. ProtoMap can be searched via a fixed-form query interface.
Data can be extracted by searching for keyword, SWISS-PROT ID/AC, protein name, cluster number,
or cluster size. Clusters of proteins can also be browsed to retrieve data items.

There is nad-hoc interface nor a flat file release.

Size. No information available.

Literature on ProtoMap:

[PMAPa] G. Yona, N. Linial, and M. Linial. ProtoMap: Automatic Classification of Protein
Sequences and Hierarchy of Protein Familiducleic Acids Researct28(1):49-55,
2000.

[PMAPDb] G. Yonaetal. AMap of the Protein Space : An Automated Hierarchical Classification of
all Protein Sequences. Rroccedings of the 6th International Conference on Intelligent
Systems in Molecular Biology (ISMB)998.

[PMAPc] http://www.protomap.cs.huji.ac.il/search.html

A.89 PseudoBase

Provider and access. PseudoBase is maintained by the Leiden University at Leiden/The Nether-
lands. It can be accessed attp://wwwbio.LeidenUniv.ni/ Batenburg/PKB.htmi

Contents. PseudoBase is a database containing structural, functional, and sequence data related to
RNA pseudoknots. PseudoBase provides hypertext links to EMBICT{CT] A.28).

Data modelling, data storage, and data acquisition. The data are stored in one or more flat files.
Each entry contains 12 items, listed in [PseuBa] can be derived from Higure A.89.

Data are acquired from the research community. There is a web-based form for submission of new
data with the database.

Data retrieval and query answering. Data can be retrieved by browsing stepwise through a hier-
archical tree. There are no query interfaces and no flat files for download.


http://www.protomap.cs.huji.ac.il/search.html
http://wwwbio.LeidenUniv.nl/~Batenburg/PKB.html
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PKB-rumber:
Defition:
Organizm:

Abbreviation:
RMA type:
Keywaords:

EMBL number:
Submitted by:
Supported by:

Beferences;

Stem sizes:
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AP .Gultyaev { sgultyaevi@rulsth Jeidemmiv.nl)
Mutagenesis; Sequence comparison

[1] Athanasopoulos V. et al. (1995). J. Bact. 177:4730-4741.
[2] Athanasopoulos V. et al. (1999). J. Bact. 1581:1811-1819.
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FIGURE A.25: Representation of a sample entry in PseudoBase. The 12 different data items

recorded in each record are shown.

Size. No information available.

Literature on PseudoBase:

[PseuBa] F. Batenburg et al. PseudoBase: a Database With RNA Pseudoknot. nar, 28(1):201-

204, 2000.

[PseuBb] http://wwwbio.LeidenUniv.nl/"Batenburg/PKBAbout.html

A.90 PubMed

Provider and access. PubMed is maintained at the National Center for Biotechnology Information
(NCBI) at Bethesda, USA. It can be accessed#p://www.ncbi.nim.nih.gov/PubMed/

Contents. PubMed was developed in conjunction with publishers of biomedical literature as a
search tool for accessing literature citations and linking to full-text journals at web sites of partici-
pating publishers. The former service of NCBI called MEDLINE (Ef._A.59) is re-implemented in
PubMed. There are no links to other molecular biology databases.


http://wwwbio.LeidenUniv.nl/~Batenburg/PKBAbout.html
http://www.ncbi.nlm.nih.gov/PubMed/
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Data modelling, data storage, and data acquisition. There is no information available about the
implementation of PubMed. Most likely the data are modelled using ANSS.1 [5] the exchange format
of NCBI. Thus, PubMed is probably a flat file database. An ontology called MeSH is used for indexing
articles in PubMed.

There is no information available where data in PubMed are acquired.

Data retrieval and query answering. PubMed is accessible via Entrez (cf. Chagier #.3.4), the
integrated retrieval system of NCBI. It provides several fixed-form query interfaces (keyword search
against special search indexes). There iadvhoc query interface nor a flat file release provided for
download.

In addition, there is a tool called “Journal Browser” that supports browsing through the list of available
journals within PubMed.

Size. No information available.

Literature on PubMed:

[PMa] http://www.ncbi.nlm.nih.gov/PubMed/

A.91 RDP: The Ribosomal Database Project

Provider and access. The Ribosomal Database Project is hosted by the Michigan State University.
A database is offered aitttp://www.cme.msu.edu/RDP

Contents. The database of RDP offers ribosomal RNA sequence data associated with analysis tools.
There is no information about interconnections with other databases available.

Data modelling, data storage, and data acquisition. Data is stored and managed by the commer-
cial object DBMS ObjectStore. Information about the object data model is not available.

Data are acquired from GenBank (¢f._A.36) and EMBL (Cf._A.28) and from direct submissions to
RDP.

Data retrieval and query answering. Data can only be accessed as flat files: A large amount of
different files can be downloaded via FTP, including data files with "small subunit rRNA sequences”,
"large subunit rRNA sequences”, user submitted alignments, and several source files for analysis tools.
Data files in GenBank (cf_A:B6) format are also available.

There are no query interfaces at all nor any possibilities to browse the data.

Several analysis tools (primarily tools for sequence similarity searches) are with the database (see
[RDPa] and [RDPD]).


http://www.ncbi.nlm.nih.gov/PubMed/
http://www.cme.msu.edu/RDP
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Size. Thefiles differ in size between around 100 KB up to more than 20 MB. There is no information
about the size of the entire database.

Literature on RDP:

[RDPa] B. Maidak et al. The RDP (Ribosomal Database Project) ContinNesleic Acids
Research28(1):173-174, 2000.

[RDPD] http://mww.cme.msu.edu/RDP/docs/documentation.html

[RDPc] B. Maidak et al. A new Version of the RDP (Ribosomal Database Projdigleic
Acids Researcgt27(1):171-173, 1999.

A.92 REBASE: The Restriction Enzymes Database

Provider and access. The Restriction Enzymes Database (REBASE) is maintained at the New Eng-
land BioLabs, Inc in Beverly, USA. It can be accesse#p://rebase.neb.com/rebase/
rehase.ntmi

Contents. REBASE is a comprehensive database of information about restriction enzymes and re-
lated proteins. It provides hypertext links to GenBank [CT._A.36).

Data modelling, data storage, and data acquisition. There is no information available about the
underlying data model and the data management system. We suggest that it is implemented as a
relational DBMS. In fact, REBASE is available as flat file database in several formats (see [REBAb]
for comprehensive list of available flat file formats).

Data seem to be acquired primarily from GenBank [CT.A.36). A submission tool enables researchers
to add new data to REBASE.

Data retrieval and query answering. REBASE provides fixed form query interfaces where key-
words can be queried against several search categories. Theredsioo query interface. The data
in REBASE are also structured into a hierarchy that can be browsed for data retrieval.

In addition, the REBASE database can be downloaded as flat file via FTP. The database is provided in
several formats (see [REBAD]) fitting as input for several different analysis tools.

Note: Some data items or some parts of single data items are only commercially available.
Size. No information available.

Literature on REBASE:


http://www.cme.msu.edu/RDP/docs/documentation.html
http://rebase.neb.com/rebase/rebase.html
http://rebase.neb.com/rebase/rebase.html
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[REBAa] R. Roberts and D. Macelis. REBASE — Restriction Enzymes and Methylbseteic
Acids Research28(1):306-307, 2000.

[REBADb] http://rebase.neb.com/rebase/rebase.files.html

A.93 RegulonDB

Provider and access. RegulonDB is maintained at UNAM in Morelos/Mexico in a collaboration
with the University of Wisconsin in Madison/USA. It is freely accessiblehtp://iwww.cifn.
unam.mx/ComputationaiBioiogy/requiondb/

Contents. RegulonDB is a database on transcription regulation and operon organisakocatki
Protein sequences are hypertext linked to SWISS-PROT[(cf. _A.103) and all entries are hypertext
linked to bibliographic references via MEDLINE (¢f_A]59).

Data modelling, data storage, and data acquisition. The data are built upon a relational model.
Originally, RegulonDB was developed using a commercial software calfgimension (4D) in
Macintosh platform. Figur€ A26 presents this original schema of RegulonDB. [REDBb] contains
more detailed information about the original schema which was slightly modified since (see [REDBa]
for information on this modifications and on the up-to-date schema).

Currently RegulonDB is implemented using the commercial relational DBMS Oracle 8. Forms to
access data from the web have been implemented using PL-SQL query language of Oracle.

Data are acquired from the scientific literature and several other databases.

Data retrieval and query answering. Data can be accessed via a fixed-form query interface in
several different ways:

e Search by object: the database can be searched against several explicit objects such as gene,
regulon, protein, etc. by name and accession number.

e Search by region: the database can be searched for objects which are within a special region of
the genome

The data are represented in HTML tables or as interactive maps (search by region).

There are nad-hoc query interfaces, nor any capabilities to browse the data, nor a flat file release for
downloading.

Size. The database currently stores over 20 000 objects. See [REDBc] for detailed information (e.g.
the current number of instances of each table.


http://rebase.neb.com/rebase/rebase.files.html
http://www.cifn.unam.mx/ComputationalBiology/regulondb/
http://www.cifn.unam.mx/ComputationalBiology/regulondb/
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FIGURE A.26: Original schema of RegulonDB (taken from [REDBDb]).

Literature on RegulonDB:

[REDBa]

[REDBb]

[REDBC]

H. Salgado et al. RegulonDB: Transcriptional Regulation and Operon Organisation in
E. coli K-12. Nucleic Acids Resear¢c8(1):65-67, 2000.

A. Huerta et al. RegulonDB: Transcriptional Regulation and Operon Organisation in E.
coli K-12. Nucleic Acids ResearcR6(1):55-59, 1998.

http://www.cifn.unam.mx/Computational_Biology/requlondb/
docs


http://www.cifn.unam.mx/Computational_Biology/regulondb/docs
http://www.cifn.unam.mx/Computational_Biology/regulondb/docs
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A.94 RHdb: The Radiation Hybrid Database

Provider and access. The Radiation Hybrid Database (RHdb) is maintained by the the European
Bioinformatics Institute (EBI) at Cambridge/UK. It is accessiblei&tp://www.ebi.ac.uk/
RHdb

Contents. RHdb stores radiation hybrid data. It is cross referenced via hypertext links with several
other databases (a current, comprehensive list can be obtained at the RHdb homepage).

Data modelling, data storage, and data acquisition. The schema of RHdb is based on an object
model. This model is then manually mapped onto the underlying relational DBMS Oracle. A tool
called “Persistenc@’is used to generate C++ classes from the relational schema. “Persistence” gen-
erates C++ classes and methods reflecting the tables and relationships in the relational schema, as well
as standard methods to access the relational tables: INSERT, DELETE, SELECT, UPDATE. With the
aid of “Persistence”, only the more domain specific queries need to be implemented by hand, the rest
is generated automatically. The reason for this complex architecture is that this supports the develop-
ment of a CORBAI[31] server on top of the relational DBMS (the version of Oracle used for RHdb
does not provide this automatically). In Chaier 4.3.3 we described the approach of EBI to integrate
heterogeneous databases using CORBA.

The object oriented schema can be browsed at [RHDBDb].

Data are acquired from the research community (submissions should follow a specific format which
is described at the RHdb homepage).

Data retrieval and query answering. RHdb data can be retrieved through several fixed-form query
interfaces. In fact these search tools are CORBA [31] clients using Java applets. In addition the
database can be searched using the Sequence Retrieval System (SRS, |cf. 4.3.7). A SRS server is
accessible at EBI.

RHdb also produces a flat file release which can be downloaded via FTP from EBI. The release
contains four files with different formats (described at the RHdb homepage).

There is naad-hoc query interface nor any possibility to browse the data.
Size. All together the four files require currently about 94 MB (zipped about 11 MB).

Literature on RHdb:

[RHDBa] P. Rodriguez-Tome and P. Lijnzaad. RHdb: The Radiation Hybrid Datalbhasdeic
Acids Researcgh28(1):146-147, 2000.

[RHDBb] http://corba.ebi.ac.uk/RHdb/schema/RHdb_object.html

Shttp://www.persistence.com


http://www.ebi.ac.uk/RHdb
http://www.ebi.ac.uk/RHdb
http://corba.ebi.ac.uk/RHdb/schema/RHdb_object.html
http://www.persistence.com
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A.95 SacchDB: The macintosh Version of th&. cerevisiagésenome Database
(SGD)

Provider and access. SacchDB is the Macintosh version of tBaccharomyceGenome Database
(SGD, see page 2R1). It can be downloaded via FTP for local uggnome-ftp.stanford.
edu

and at:ncbi.nim.nih.gov

A UNIX version is now also available. SacchDB is maintained by the Stanford University at Stan-
ford/USA.

Contents. The Saccharomyce&enome Database (SGD, ¢f._A.100) stores and organises informa-
tion about all of the nearly 6200 genes in the yeast genome.

SGD focuses on providing comprehensive reviews of the literature of each gene.

Data modelling, data storage, and data acquisition. SacchDB is implemented using the ACEDB
software as DBMS. The schema can be browsed using the query interface. Data are acquired from the
scientific community and the literature.

Data retrieval and query answering. The common ways of querying an ACEDB-database are
provided: Fixed-form queriead-hoc queries and simple text search can be performed. Data can also
be retrieved as flat files.

In addition, the database schema can be browsed to retrieve single data items.
Size. No information available.

Literature on SacchDB:

[Sacch]  http://genome-www.stanford.edu/Saccharomyces/
abhoutrSacchiDB. himi

A.96 SBASE

Provider and access. SBASE is maintained and provided by the International Centre for Genetic
Engineering and Biotechnology at Trieste/ltaly. It is accessibletgi://www.icgeb.trieste.

it/'sbase/

andhttp://sbase.abc.hu/sbase


genome-ftp.stanford.edu
genome-ftp.stanford.edu
ncbi.nlm.nih.gov
http://genome-www.stanford.edu/Saccharomyces/aboutSacchDB.html
http://genome-www.stanford.edu/Saccharomyces/aboutSacchDB.html
http://www.icgeb.trieste.it/sbase/
http://www.icgeb.trieste.it/sbase/
http://sbase.abc.hu/sbase
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Contents. SBASE contains annotated segments of protein sequences. It is cross-referenced through
hypertext links to all major sequence databases such as GenBank (ci. A.36), EMBL (cf. A.28),
SWISS-PROT (cf.[AZI03), etc., and other specialised databases (see [SBAa] for a comprehensive
list).

Data modelling, data storage, and data acquisition. Data are kept in flat files. The structure of
the data entries follows that of the EMBL (¢f."Al28) and SWISS-PROT[(cf."A.103) databases.

Data originate from three main sources: SWISS-PROT [cf._A.103), PSD/PIR(Cf] A.79), and the
scientific literature. Currently new data are acquired also from GenBanKkTcf] A.36) and EMBL (cf.
A28) by translating the nucleotide sequences into amino acid sequences.

Data retrieval and query answering. SBASE can be searched by BLASIT [4] via the web inter-
faces. The data can also be downloaded via FTP [SBAa].

There are no other fixed-form ad-hoc query interfaces nor any capabilities to browse the data.

Size. As of Winter 1999, the complete database is 221 MB and its compressed form is 16.3 MB.

Literature on SBASE:

[SBAaQ] J. Murvai et al. The SBASE Protein Domain Library, Release 7.0: a Collection of
Annotated Protein Sequence SegmeNiscleic Acids Resear¢cR8(1):260-262, 2000.

[SBAD] http://www.icgeb.trieste.it/sbase/

A.97 SCOP: A Structural Classification of Proteins Database

Provider and access. The Structural Classification of Proteins database (SCOP) is provided by the
MRC laboratory of Molecular Biology at Cambridge/UK. It can be accesseiitgi://scop.
mrc.imb.cam.ac.uk/scop/

Contents. SCOP stores a detailed and comprehensive description of the relations of known protein
structures. The classification of the proteins is described in more detail in [SCOPa]. SCOP provides
hypertext links to several other databases (see [SCOPDb]).

Data modelling, data storage, and data acquisition. SCOP is available as a set of tightly coupled
hypertext pages. There is no information provided about the data model and the data management
system. But it seems that the data are stored internally in flat files. Data are acquired from the PDB

(cf. A.73)


http://www.icgeb.trieste.it/sbase/
http://scop.mrc.lmb.cam.ac.uk/scop/
http://scop.mrc.lmb.cam.ac.uk/scop/
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Data retrieval and query answering. The classification hierarchy of SCOP can be browsed. A
simple keyword search form is also provided. There iadvhoc or complex fix-form query interface.
Several flat files containig the SCOP data can be downloaded via FTP.

Size. Currently SCOP provides 11410 PDB Entries, 26219 Domains. and 40 Literature References.

Literature on SCOP:
[SCOPa] L. Lo Conte etal. SCOP: a Structural Classification of Proteins datdthaseic Acids
Research28(1):257-259, 2000.

[SCOPDb] http://scop.mrc-Imb.cam.ac.uk/scop/help.html

A.98 SELEXdb

Provider and access. SELEXdb is maintained at the Siberian Branch of the Russian Academy of
Science at Novosibirsk, Russia. It can be accessédritati/ wwwmgs.bionet.nsc.ru/mgs/
systems/seiexi

Contents. SELEXdb contains DNA/RNA sequences and accumulated experimental data on func-
tional sites. It provides no links to external databases.

Data modelling, data storage, and data acquisition. SELEXdDb is a flat file database. The entries
are explicitly structured using line types (search indexes). The structure of an entry is documented
e.g. in [SELa].

Data are acquired from the scientific literature.

Data retrieval and query answering. SELEXdb is only accessible via a local Sequence Retrieval
System (SRS, cf[[4:3.7) server. There is no local web interface and no possibility to download the
data via FTP as flat files.

Size. No information available.

Literature on SELEXdb:


http://scop.mrc-lmb.cam.ac.uk/scop/help.html
http://wwwmgs.bionet.nsc.ru/mgs/systems/selex/
http://wwwmgs.bionet.nsc.ru/mgs/systems/selex/
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[SELa] J. Ponomarenko. SELEXdb: An Activated Database on Selected Randomized
DNA/RNA Sequences Addressed to Genomic Sequence Annotitigieic Acids Re-
search 28(1):205-208, 2000.

[SELD] http://wwwmgs.bionet.nsc.ru/mgs/systems/selex/

A.99 SENTRA

Provider and access. SENTRA is provided by the Argonne National Laboratory in Argonne, USA.
It is accessible afhttp://wit.mcs.ani.gov/WI12/Sentra/H T ML/sentra.htmi

Contents. SENTRA is a database of proteins associated with microbial signal transduction. Each
entry is directly linked to the corresponding entry in SWISS-PROT/TrEMBL [cf._A.103) and WIT

(cf. AII3).

Data modelling, data storage, and data acquisition. SENTRA is most likely a flat file database.
There is no information available about the structure of the entries but they are most likely structured
explicitly through line types.

Data are acquired from external databases.

Data retrieval and query answering. SENTRA can be accessed via a mixed type interface com-
bining a fixed-form query interface with a browsable hierarchy.

There is naad-hoc query interface nor a possibility to download the data as flat file via FTP.

Size. No information available.

Literature on SENTRA:

[SENa] M. D’'Souza, M. Romine, and N. Maltsev. SENTRA: A Database of Signal Transduc-
tion ProteinsNucleic Acids Resear¢c8(1):335-336, 2000.

A.100 SGD:Saccharomyce&enome Database

Provider and access. The SaccharomyceGenome Database (SGD) is maintained by the Stanford
University at Stanford/USA and can be accessed freeljp@p://genome-www.stanford.
edu/Saccharomyces/


http://wwwmgs.bionet.nsc.ru/mgs/systems/selex/
http://wit.mcs.anl.gov/WIT2/Sentra/HTML/sentra.html
http://genome-www.stanford.edu/Saccharomyces/
http://genome-www.stanford.edu/Saccharomyces/
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Contents. SGD stores and organises information about all of the nearly 6200 genes in the yeast
genome. SGD focuses on providing comprehensive reviews of the literature of each gene. A Macin-
tosh version of SGD for local use (called SacchDB,[Cf._A.95) is available for download via FTP at:
genome-fip.stanford.edu

and at:ncbi.nim.nih.gov

Several hypertext links to other databases such as YPD{Ccf.]A.119), MIPS(Cf. A.63), SWISS-PROT
(cf. AI03), and PSD/PIR (cf_A¥9) are provided.

MBA1 BASIC INFORMATION MBAl1 RESOURCES
Standard Mlame  MBAS Click on roap fox expanded view
S9TEEE  to BEZEEE
YERLEH
o Pt PeHZ
N
Bystematdc Mame YERIBSC = = i
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DMA (wiintrons) =1 | Retrieve|
Phenotype Mull mntant ig viable, conditionally defective in the assembly of mitochondrial respiratory complexes )
= Sequence Analysis Tools
Position Chell: coordinates 599918 to 599082 | SadP B | Ly
Old format Sequence details
= Maps and Displays
Chr. Features Map View|

d

External Links MIPS | ¥PD | 3wissProt | Entrez Protein | Entrez Neighbors | PIR-DE | PIR- P | PFIR-U3 x
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= Functional Analysis

Btanford Cell Cycle | [ Viewé
ADDITIONAL INFORMATION for MEA!
Locus History Global & ene Hunter Function Junction

Protemn Info & Composidon GenelSequence Resources

FIGURE A.27: Locus Page of a sample entry in SGD.

Data modelling, data storage, and data acquisition. SGD is currently re-implemented using the
relational DBMS Oracle. The data model specification (table specification) can be browsed at [SGDb].

In collaboration with FlyBase (c_A-B4) and MGD (df._A]62), SGD is creating the so called “Gene
Ontology”. This ontology will describe the important components and relationships that reflect the
SGD’s current understanding of cell biology.

Data are acquired from the scientific community and the literature.


genome-ftp.stanford.edu
ncbi.nlm.nih.gov
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Data retrieval and query answering. SGD provides fixed-form query interfaces to retrieve data.

The information about each gene in the database is organised by the so called "locus page”. Users
will be able to retrieve a large set of data about any gene with minimal navigation, starting from the
according locus page. The information is represented “in a format intuitive to biologists” ([SGDa]).
Several fixed-form query interfaces and standard analysis tools are provided for further analysis and
data retrieval. Figurg’ A.27 shows a sample locus page.

The data on the locus page are also available in tab-delimited and XML formats to facilitate automated
data exchange.

Ad-hoc queries can be performed using the ACEDB query language against the ACEDB version of
SGD, SacchDB (cf"AJ95).

SGD provides a flat file release for download via FTP. The ACEDB version SacchDB can be browsed
to retrieve single data items.

Size. No information available.

Literature on SGD:

[SGDa] C. Ball et al. Integrating Functional Genomic Information into the Saccharomyces
Genome Databaseélucleic Acids Resear¢R8(1):77-80, 2000.

[SGDb]  http://genome-www.stanford.edu/Saccharomyces/sqgd_docs.
ntmi

A.101 SMART: Simple Modular Architecture Research Tool

Provider and access. The SMART database (SMART) is maintained at the European Molecular
Biology Laboratory (EMBL) in Heidelberg, Germany in collaboration with the University of Oxford,
UK. It can be accessed dtttp://smart.embi-heideiberg.de/

Contents. SMART allows the identification and annotation of genetically mobile domains and the
analysis of domain architectures. The domains are extensively annotated with respect to phyletic
distributions, functional class, tertiary structures and functionally important residues.

Hypertext links to several external databases (e.g. PROSITHT{cf] A.85) and Pfafn (Cf. A.78) are
provided.

Data modelling, data storage, and data acquisition. SMART is implemented using a relational
DBMS. The underlying database schema is documented in [SMARa].

Data are acquired from other databases.


http://genome-www.stanford.edu/Saccharomyces/sgd_docs.html
http://genome-www.stanford.edu/Saccharomyces/sgd_docs.html
http://smart.embl-heidelberg.de/
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Data retrieval and query answering. SMART can be accessed through several fixed-form query
interfaces. There is neitherad-hoc query interface, nor a flat file release for download, nor a brows-
able classification of the data.

Size. No information available.

Literature on SMART:

[SMARa] J. Schultz et al. SMART: a Web-Based Tool for the Study of Genetically Mobile Do-
mains.Nucleic Acids Researc8(1):231-234, 2000.

[SMARD] http://smart.embl-heidelberg.de/

A.102 SRPDB: The Signal Recognition Particle Database

Provider and access. The Signal Recognition Particle Database (SRPDB) is maintained at the
University of Texas Health Science Center at Tyler, USA. It is accessiblatat//psyche.

Contents. SRPDB provides information about RNA, proteins, and receptors related to signal recog-
nition particles. There are no links to external database.

Data modelling, data storage, and data acquisition. SRPDB is most likely a flat file database.
Data annotation in SRPDB consists of, among others: sequence alignments (provided in various for-
mats such as PDF, HTML, EMBL-format, etc.), pictures of secondary structure and three-dimensional
models. All these data are most likely stored in files.

Data are acquired from external databases.

Data retrieval and query answering. SRPDB can be browsed by entering the data classification at
various points. There are no query interfaces nor a possibility to download the data via FTP. In deed,
the data items are represented as flat files thus they can be downloaded after browsing and retrieving.

Size. No information available.

Literature on SRPDB::

[SRPa] C. Zwieb and T. Samuelsson. SRPDB (Signal Recognition Particle Datalasksic
Acids Researci8(1):171-172, 2000.


http://smart.embl-heidelberg.de/
http://psyche.uthct.edu/dbs/SRPDB/SRPDB.html
http://psyche.uthct.edu/dbs/SRPDB/SRPDB.html
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A.103 SWISS-PROT

Provider and access. SWISS-PROT is available aitttp:/iwww.expasy.ch/sprot/

and at:http://www.ebi.ac.uk/swissprot/

The database is currently an equal partnership project between the European Molecular Biology Labo-
ratory (EMBL) with its outstation, the European Bioinformatics Institute (EBI) and the Swiss Institute

of Bioinformatics (SIB).
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BEGULATES TWITCHIHG MOTILITY EY CGOHTROLLIHG PILVUS FUHCTIOH
{EXTERSIOH AHD RETEBACTIOH).
-l - SIMILARITY: COHTATIHS 1 CHEW DOMATH.
Thiz sWIS5-FROT entrp i= coppright. It i=s produced throogh a collaboration
bLetween the Swiss Institute of Bioinformabtics and the EMEL outstation -
the European Eioinformatics Institute. There are no restrictions on  its
unze by non-profit dnstitutions as long as its content iz in oo owam
modified and thiz statement iz not remowed. Uszage bw  and for commercial
entities requires a license agreement (See hbtp: ffwwnr. izb-2ib. chylannomnces
or send an email to licemsedish-=ib. ch).
EWEL; LZ22036; AARAZ5951.1; -.
INTERPED; IPROD2C4E; -,
PFAM; PFO1584; chew; 1.
sensory transdaction.
SEQUEHCE 178 AR; 19934 my;  B34A1A4EI3EATETT CRCED;
MEDWOTEFFOL LYDIDORCEER LAAGLFAOOE AVOSWSGIGF PMGGEFFWAP MGEWGEVLHE
PEYTOLEGVWE TWVEGTAHVE GELLPFIMDLC GFLGTELSPL PEORRVLWWE HLDWFAGLIW
DEVWFGMOHFF WDTFSEOQLFFP LEAALOPFIH GYWFHEEOPWL WFSPFHALAOH OGFLIWAYV

FIGURE A.28: An example of a SWISS-PROT entry in raw text format ([SWISSc])

Contents. SWISS-PROT is a curated and annotated protein sequence database [SWISSa]. The
database distinguishes itself from other protein sequence databases by four criteria:

e Annotation: The SWISS-PROT staff tries to include as much annotation information as pos-

sible. Annotation is done and periodically reviewed by the SWISS-PROT staff and external
experts.


http://www.expasy.ch/sprot/
http://www.ebi.ac.uk/swissprot/
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NiceProt View of SWISS-PROT: P43502

[Beneral] [Name and origin] [Ref ][c 5] [C I ] [Keywords] [Features] [Sequence] [Tools]

General information ahout the entry

nu'y Tt ———————s PILI_PSEAE S
{Primary accession mber P43502

Becondary accession mumber(s) Mone

EEnteredeW'[SS—PROTin Release 32, November 1995

Bequence was last modified in Release 32, November 1995

‘Annotations were last modified in Release 38, hay 2000

Name and origin of the protein

Protein name FILI PROTEIN

Symonyn(s) Mone

Gene name(s) FILI

From Psendomonas serginoss

ETaxonomy Bacteris; Proteohactens; gamma subdivision; Psend d ; Paend :
1

]
SEQUENCE FROM LA,
STRAIN=ATCC 15692 / PAOY;
MECLINE=94195101 [NCBL ExPASy, [srael Japan]; PubMed=7908398;
Darzing A
"Characterization of a Psendomonas aemginosa gene cluster involved in pilus biosynthesis and twitching motlity: sequence sindlarity to the chemotaxs proteins of enterics and the gliding bacteriom
hlyxococcus xanthus.";
ol Microbiol 11:137-153(1994).

Conments
o FUNCITON MAY BE APART OF A SIGNAL-TRANSDUCTION SYSTEM THAT REG ULATES TWITCHING MOTILITY BY CONTROLLING FILUS FUNCTION (EXTENSICHN

ANDRETRACTION).
o SIMILARITY: CONTAINS 1 CHEW DOMAIN.

s SRIS5- PROT entry fs copeight. 1t i produced throughia coLlaboration betreen the Swiss [nstitute of Biointottatics and the EMEL outstation - the European Biointortnatics Institte, Theee aze o Besteictions on it Use by on- profit
titutions as long as its content 15 inno sway modified and this staternznt 15 not recnosved. Usage by and fox corarnzecial entities requiees a license agreement {See http A sb- sib.chiannounced o send an email 4o licensei@isb - sib.chy.

Cr eferences

;EMBL iL22036; AAAZ59511; - [EMBL / GenBank ! DDBJ] [CoDingBequence]
INTERPRO IPRO02545: -,

PFAM EPF015E4' CheW; 1.

PRODOM Duomnain structure / List of seq. sharing at least 1 domnein’

BLOCKS 43502,

SWISS-2DPAGE {GET REGION OM 2D PAGE.

FIGURE A.29: Part of a NiceProt view of the sample SWISS-PROT entry ([SWISSc])

e Minimal redundancy: Many sequence databases contain separate entries for a given protein
sequence corresponding to different literature reports. The SWISS-PROT staff tries to merge
these data to minimise redundancy. Conflicts between sequencing reports are indicated in the
feature table line (see below) of the corresponding entry.

¢ Integration with other databases: SWISS-PROT is cross-referenced with currently over 30 dif-
ferent databases.

e Documentation: SWISS-PROT is distributed with a large number of index files and specialised
documentation files.

SWISS-PROT provides links to currently over 30 other databases. The links are mostly hypertext
links but can be sometimes simple textual references.
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Data modelling, data storage, and data acquisition. The SWISS-PROT database is a flat file
repository consisting of sequence entries. Sequence entries are composed of different line types, each
with their own format. Each line type is beginning with a two-character line code. There are 22
different line types in SWISS-PROT. Some line types are optional or may occur more than once in
an entry. For detailed information on each line type see [SWISSb] and [SWISSc]. Sequence entries
consist of two different classes of data [SWISSc]:

e Core-data: consists of the sequence data, the citation information (bibliographical references)
and the taxonomic data (i.e. the description of the biological source of the sequence).

e Annotation: consists of the description of items like function(s) of the protein, similarity to
other proteins, secondary structure and many more. Annotation is mainly found in the comment
(CC), feature table (FT) and keyword (KW) lines.

Each entry is labelled with an unique identifier. This is done by the (ID) line type which must be the
first line of a regular SWISS-PROT entry. New data are acquired from TrEMBIL{CI.”A.104).

Data retrieval and query answering. The SWISS-PROT flat file is available for download via FTP
at the following serversitp.expasy.chandftp.ebi.ac.uk
The file can also be obtained on CD-ROM attp://www.expasy.ch

There are several ways to retrieve data from SWISS-PROT via the WWW interfaces at SIB and EBI.
The SIB provides the Expert Protein Analysis System (ExPASy). Search can be performed as fixed-
form queries against some (but not all!) special line type of the database entries (search by accession
number, description, etc.) or against all fields of the database (full text search). Each entry as a result
of a query can be viewed as plain text or by MieeProtrepresentation (i.e. a better readable HTML
version of the entry). Examples are given in Figare A.28 @nd]A.29. SWISS-PROT does not support a
query-language thus there is no interfaceddhoc queries.

The EBI provides the Sequence Retrieval System (SRS[_cf.] 4.3.7), an environment that integrates
many databases and allows specialisédioc and fixed-form queries.

There is no capability to browse the data of SWISS-PROT.

Size. SWISS-PROT contains currently over 88 000 sequence entries, comprising over 30 million
amino acids abstracted from about 65 000 references [SWISSc]. The data file requires 185 MB and
the documentation and index files require about 65 MB of disk space [SWISSa].

Literature on SWISS-PROT:

[SWISSa] A. Bairoch and R. Apweiler. The SWISS-PROT database and its supplement TrEMBL
in 2000.Nucleic Acids Researc8(1):45-48, 2000.

[SWISSDb] R. Apweiler. Introduction to Molecular Biology Databases. In R. Apweiler. The EBI
Online Manual on Molecular Databases. 1999.

[SWISSc] http://www.expasy.ch/sprot/sp-docu.html


ftp.expasy.ch and ftp.ebi.ac.uk
http://www.expasy.ch
http://www.expasy.ch/sprot/sp-docu.html
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A.104 TrEMBL: The Supplement of SWISS-PROT

Provider and access. TrEMBL is maintained by the Swiss Institute of Bioinformatics (SIB) at
Geneva/Switzerland in collaboration with the European Bioinformatics Institute (EBI) at Cambridge/UK.
It is accessible via several sites, including among others the SIB and EBI siliespatiwww.
expasy.ch/sprot/sprot-top.nimi

and at:http://www.ebi.ac.uk/swissprot/

Contents. One of the major goals of SWISS-PROT (Cf_AL03) is to provide a maximum of annota-
tion to the core data (protein sequences). Maintaining this high quality of annotation in SWISS-PROT
requires careful sequence analysis. This is the rate-limiting step in the production of SWISS-PROT
[SWISSa]. To address this concern, TrEMBL (Translation of EMBL nucleotide sequence database)
was introduced in 1996 by the SWISS-PROT team. TrEMBL consists of computer-annotated entries
derived from the translation of all coding sequences in the EMBL[{Cf.]A.28) database.

Data modelling, data storage, and data acquisition. TTEMBL consists of two flat files represent-
ing the two main sections of the database:

e SP-TrEMBL (SWISS-PROT TrEMBL): contains all entries which should be incorporated into
SWISS-PROT. SWISS-PROT accession numbers have been assigned to these entries. SP-
TrEMBL is partially redundant against SWISS-PROT.

e REM-TrEMBL (REMaining TrEMBL): contains the entries which the SWISS-PROT annota-
tors do not want to include in SWISS-PROT.

A typical TrEMBL entry looks very similar to a SWISS-PROT entry, since TrEMBL follows the
SWISS-PROT format as closely as possible. The only (necessary) differences affecting the ID and
DT line types (see [SWISSb] for detailed information).

TrEMBL acquire data only from the EMBL (cf_A28) nucleotide sequence database.

Data retrieval and query answering. The TrEMBL data can be retrieved in the same way as the
SWISS-PROT (cf[AI03) data.

Size. The zipped file with all TrEMBL data requires currently about 190 MB. TrEMBL is updated
every week

Literature on TrEMBL:
[SWISSa] A. Bairoch and R. Apweiler. The SWISS-PROT database and its supplement TrEMBL
in 2000.Nucleic Acids Researc8(1):45-48, 2000.

[SWISSb] R. Apweiler. Introduction to Molecular Biology Databases. In R. Apweiler. The EBI
Online Manual on Molecular Databases. 1999.


http://www.expasy.ch/sprot/sprot-top.html
http://www.expasy.ch/sprot/sprot-top.html
http://www.ebi.ac.uk/swissprot/

A.105. SWISS-2DPAGE 229

A.105 SWISS-2DPAGE

Provider and access. SWISS-2DPAGE is maintained at the Swiss Institute of Bioinformatics (SIB)
in collaboration with the Geneva University Hospital at Geneva, Switzerland. It is accessible through

Contents. SWISS-2DPAGE is an annotated two-dimensional gel electrophoresis database. It con-
tains several reference maps (results of the gel electrophoresis). These reference maps have identified
spots corresponding to separate protein entries in SWISS-2DPAGE.

Hypertext links to several other databases, such as MEDLINETCT] A.59) and SWISS-PROT (¢f A.103)
are provided.

Data modelling, data storage, and data acquisition. The data are stored in flat files. The format
of each entry is similar to the SWISS-PROT database[{cf._A.103) and is described in [S2DPa] and
[S2DPb]. There is no information about the source of data acquisition.

Data retrieval and query answering. The SIB homepage provides a fixed-form query interface.
The reference maps can be browsed to retrieve information about the protein spots. The data files can
also be downloaded via FTP. There isaibhoc query interface.

Size. The data are stored in three flat files requiring about 4 MB.

Literature on SWISS-2DPAGE:

[S2DPa] C. Hoogland et al. The 1999 SWISS-2DPAGE Database Uptateleic Acids Re-
search 28(1):286-288, 2000.

[S2DPb]  http://www.expasy.ch/ch2d/manch2d.html

A.106 TAIR: The Arabidopsisinformation Resource

Provider and access. The Arabidopsisinformation Resource (TAIR) is a collaborative effort be-
tween the Carnegie Institution of Washington Department of Plant Biology and the National Cen-
ter for Genome Resources (NCGR). TAmbidopsis thalianaDatabase (AtDB) and the AAra-
bidopsis thalianaDatabase (AAtDB) projects ended in Summer 1999. They both were succeeded
by TAIR. The TAIR database will integrate both databases and will soon be accessibigat:
fiwww.arabidopsis.orag/

Contents. TAIR provides a genetic database with all information about the model orgakiam
bidopsis thaliangthale cress). There are no information about cross-references to other databases,
but we suggest that there will be several hypertext links to external databases.


http://www.expasy.ch/ch2d/
http://www.expasy.ch/ch2d/manch2d.html
http://www.arabidopsis.org/
http://www.arabidopsis.org/
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Data modelling, data storage, and data acquisition. AtDB was based upon an object-model and
implemented using the object DBMS lllustra (Informix). AAtDB was implemented using ACEDB as
DBMS [TAIRa].

It is not yet documented how TAIR is modelled and implemented but there are some hints indicating
that the data will be stored in an object DBMS and not using ACEDB.

Data are derived originally from the two databases as described above. New data are acquired from
the research community. Special fill-in submission forms are provided.

Data retrieval and query answering. There is a fixed-form query interface which is still under
construction. TAIR currently provides nul-hoc interface. In the future also a flat file release will be
provided for download via FTP.

There is no capability to browse the database for retrieval.

Size. The ace file with the entire AAtDB constructed by the ACEDB DBMS requires 74 MB (UNIX
zipped TAR file). One should remind that this release is now out of date. Information about the size
of TAIR was currently not available.

Literature on TAIR:

[TAIRa]  http://www.arabidopsis.org/release.html

[TAIRb]  http://www.arabidopsis.org/TAIR.html

A.107 The TIGR Databases

Provider and access. The TIGR Databases (TDB) are provided by The Institute for Genomic Re-
search (TIGR) at Rockville, USA. The database can be accessdt@t/www.tigr.org/
tab/

Contents. The TIGR Databases provide are a collection of curated databases containing DNA and
protein sequence, gene expression, cellular role, protein family, and taxonomic data for microbes,
plants and humans. The collection consists of the following five databases:

o the TIGRArabidopsis thaliandatabase,

the TIGR Rice Database,

the TIGR Parasites Database,

the TIGR Fungal Database, and

the TIGR Gene Indices.


http://www.arabidopsis.org/release.html
http://www.arabidopsis.org/TAIR.html
http://www.tigr.org/tdb/
http://www.tigr.org/tdb/
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The TIGR Gene Indices are the primary service of TIGR. Hypertext links to GenBar[K(Cf. A.36) are
provided.

Data modelling, data storage, and data acquisition. The TIGR databases are managed by the
relational DBMS Sybase. There is no information about the underlying database schema.

Data are acquired from GenBank (Ef_A.36).

Data retrieval and query answering. Data can be accessed from TIGR via several fixed-form
query interfaces. There is rd-hoc query interface and no hierarchy to browse through.

In addition, the data can be downloaded as flat files via FTP (in TIGR format and FASTA [56] format).

Size. The current TIGR Gene Indices flat file in FASTA]56] format requires about 4 MB.

Literature on TIGR;:

[TIGRa] J. Quackenbush et al. The TIGR Gene Indices: Reconstruction and Representation of
expressed gene sequenddscleic Acids ResearcR8(1):141-145, 2000.

[TIGRb]  http://www.tigr.org/tdb

A.108 tmRDB: The tmRNA Database

Provider and access. The tmRNA Database (tmRDB) is maintained at the University of Texas
Health Science Center at Tyler, USA in collaboration with the Auburn University in Auburn, USA. It
can be accessed dittp://psyche.uthct.edu/dbs/tmMRDB/AMRDB.htmi

Contents. tmRDB provides sequences of tmRNA a RNA molecule present in most bacteria and
some organelles of eukaryotes. In addition, annotation to the sequence data is also provided.

tmRDB is cross-linked to GenBank (¢f._A]36) via hypertext links.

Data modelling, data storage, and data acquisition. There is no information about the implemen-
tation of tmRDB. We assume that tmRDB is a flat file database.

Figure[A.I0B shows a sample entry of the database. The entries are represented as [n Figure A.108.
Each entry is explicitly structured using line types (search indexes).

Data are acquired from the scientific literature and other databases (primarily extractions from Gen-
Bank, cf.[A-36).

Data retrieval and query answering. There are no query interfaces provided at the tmRDB home-
page. Data can only be retrieved via browsing the classifications given by the developers.


http://www.tigr.org/tdb
http://psyche.uthct.edu/dbs/tmRDB/tmRDB.html
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In chl. tra.

LE Chlampdia trachomatiz. E32 bases 1594c158 checksum

za E32 EF
GEEEEUEIA- Aagouun-cg ACUUAG-AAA wgaag--CGU U----- AR g---CAUGEE
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VAAGGEgas Mg Qaaalny mEi--——-== ——---=--- Q0 VG GGG TG A A A
AGREITHGEN e EE - s F s T Haet da i SneE ss s ine s e unag ¢ aARGU-UGT
Waccnaaans cggugacct GEUEU----- VCEEG=-AGE Ugg-=—-—-== == ACCAGA-G
B S S T T e e WG ER S E e ACACCGY Cca———-—-—— g WaSCUGEGLIa
mmm=m=—m= mmmmm——— e em——-o AACY VAgqueclUNS a-alUUcce- ~AGGaaa--U
GAGIMMgasa --1aallGA GAGD---CEU UTAGUCUCnaN aGEg---G1NT UcUTAGCga-
GEAGACAUAR CHMANAG——= ——-=——=— == —mmmmm—mmm m oo oo
--nacCUAg- GAAC-1AaGC A-Usuna-ga- -GEUNI----- AGCEgOga-=- —gulNTaCUAR
GacGAGAGY wcgqacuCUCll CCACCUCCa: ca

£

FIGURE A.30: Sample entry of tmRDB

There is no flat file release of tmRNA available for download via FTP.

Size. No information available.

Literature on tmRDB:

[tmRDBa] C. Zwieb and J. Wower.
28(1):169-170, 2000.

tmRDB (tmRNA DatabaseNucleic Acids Research

[tmRDBDb] http://psyche.uthct.edu/dbs/tmRDB/AbouttmRDB.html

A.109 TRANSFAC

Provider and access. TRANSFAC is developed and maintained at the GesellschaBiotechnol-
ogisch Forschung (GBF) in Braunschweig, Germany and can be accesk#g:Atransfac.
gbf.de/ TRANSFAC/index.htmi

Contents. TRANSFAC is a database on transcription factors. It is part of an environment at GBF
providing four other databases (PathoDB, S/MARt DB, TRANSPATH, and CYTOMER). There are
hypertext links to other external databases such as EMBL{cf] A.28), PIRTcf} A.79), and COMPEL

(cf. A.I3).

Data model, data storage, and data acquisition. TRANSFAC and the other integrated databases
at GBF mentioned above are relational databases. The TRANSFAC data model consists of six major
tables and over 90 other tables. A detailed description is available at [TFACD].

Data are acquired originally from the scientific literature.


http://psyche.uthct.edu/dbs/tmRDB/AbouttmRDB.html
http://transfac.gbf.de/TRANSFAC/index.html
http://transfac.gbf.de/TRANSFAC/index.html
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Data retrieval and query answering. TRANSFAC offers a fixed-form query interface and a sort of
ad-hoc query interface where the user can express regular expressions to formulate free-form queries.
In addition, the data is classified into a hierarchy that can be browsed to retrieve single data items.

The entire database can be downloaded as flat files via Ffip:&transfac.qbf.de/pub/
(directory “transfac”).

Note: TRANSFAC is also available (but not freely) as a Microsoft SQL-Server based relational
database system.

Size. All (zipped) files together require approximately 2 MB.

Literature on TRANSFAC:

[TFACa] E.Wingenderetal. TRANSFAC: an Integrated System for Gene Expression Regulation.
Nucleic Acids Researc28(1):316-319, 2000.

[TFACb] http:/itransfac.gbf.de/TRANSFAC/doc/toc.html

A.110 Transterm

Provider and access. Transterm, a database of messenger RNA components and signals, is main-
tained at the University of Otago, Dunedin/New Zealand. It can be acces¢gtbaibiochem.
otago.ac.nz/Transterm

Contents. Transterm is a database of studies of messenger RNAs and translational control signals.
The database focus on the untranslated regions (UTR) flanking a coding sequence (CDS). It seems
that Transterm do not provide any interconnections with other databases.

Data modelling, data storage, and data acquisition. Transterm comprises a large number of files
summarising sequence parameters, sequence datafiles and a relational database accessed via a WWW
interface [TTa]. There is no information about the relational model. The flat files are structured in
several different formats.

Data are derived only from GenBank (Ef_A.36).

Data retrieval and query answering. There are several fixed-form query interface to retrieve data
from Transterm. Data files can also be downloaded via FTP.

There is naad-hoc query interface. The data cannot be browsed through.

Size. Transterm provides many different data files each with a different size. Central information
about the current size of the files or the database is not available.


ftp://transfac.gbf.de/pub/
http://transfac.gbf.de/TRANSFAC/doc/toc.html
http://biochem.otago.ac.nz/Transterm
http://biochem.otago.ac.nz/Transterm
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Literature on Transterm:

[TTa] G. Jacobs et al. Transterm: a Database of Messenger RNA Components and Signals.
Nucleic Acids Researc8(1):293-295, 2000.

[TTb] http://biochem.otago.ac.nz/Transterm

A.111 TRIPLES: Database of TRansposon-Insertion Phenotypes, Lo-
calisation, and Expression in Saccharomyces

Provider and access. TRIPLES is maintained by the Yale Genome Center at New Haven/USA and
can be accessed freely htip://ygac.med.yaie.edu

Contents. TRIPLES is a genetic database for the model orgar8sncerevisiae The focus of
TRIPLES is collecting data on defined mutant alleles, for the analysis of disruption phenotypes, pro-
tein localisation, and gene expression. Hypertext links are provided to the SGD(cf] A.100), YPD (cf.
BATT9), and GenBank (cf—AB6).

Data modelling, data storage, and data acquisition. TRIPLES is implemented using the rela-

tional DBMS Oracle. There is no information about the underlying data model. The ODBC (Open
database Connectivity) was used to implement the database access. This ensures code compatibility
with different database platforms.

TRIPLES houses both a private and public area. Members of the Yale Genome Analysis Center may
enter a password-protected area of the database to upload new data.

Data are probably acquired from the research community.

Data retrieval and query answering. The user can choose between three types of data to search
for:

e disruption phenotypes
e protein localisation

e gene expression

Each category provides a fixed-form query interface that allows searching by gene name or clone
ID. Results can be viewed in HTML-table format. Data can also be downloaded after querying in
tab-delimited text files. There are ad-hoc query interfaces nor any capabilities to browse the data.


http://biochem.otago.ac.nz/Transterm
http://ygac.med.yale.edu
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Size. No information available.

Literature on TRIPLES:

[TRI] A.K. Kumar et al. TRIPLES: a Database of Gene Function in S. cerevisiagleic
Acids Researgh28(1):81-84, 2000.

A.112 TRRD: The Transcription Regulatory Regions Database

Provider and access. The Transcription Regulatory Regions Database (TRRD) is maintained by a
collaboration of several parts of the Siberian Branch of the Russian Academy of Science at Novosi-
birsk, Russia. It is accessible #ittp://wwwmgs.bionet.nsc.ru/mgs/dbases/trrd4/

Contents. TRRD is designed for accumulation of experimental data on extended regulatory regions
of eukaryotic genes.

Hypertext links to other external databases such as SWISS-PROT {cf.] A.103), EMBL(cf. A.28),
GenBank (cf[A-36), and TRANSFAC (di._A09) are provided.

Data modelling, data storage, and data acquisition. The TRRD seems to be implemented as a flat
file format. The entries are structured explicitly trough line types (search indexes). Currently there
are more than 80 different line types allowed in an TRRD entry.

There is no information available about data acquisition.

Data retrieval and query answering. TRRD can only be browsed to retrieve data items. The data
is classified into a hierarchy. There are no query forms at all nor is there a possibility to download the
data as flat file(s).

In addition, the TRRD database can be accessed via SRS at several servers, including that at the TRRD
homepage.

Size. There is no information available.

Literature on TRRD:
[TRRDa] N. Kolchanov et al. Transcription Regulatory Regions Database (TRRD): Its Status in
2000.Nucleic Acids Researc8(1):298-301, 2000.

[TRRDb] http://wwwmags.bionet.nsc.ru/mgs/dbases/trrd4/trrdintro.
ntmi


http://wwwmgs.bionet.nsc.ru/mgs/dbases/trrd4/
http://wwwmgs.bionet.nsc.ru/mgs/dbases/trrd4/trrdintro.html
http://wwwmgs.bionet.nsc.ru/mgs/dbases/trrd4/trrdintro.html
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A.113 UK CropNet: The UK Crop Plant Bioinformatics Network

Provider and access. The UK Crop Plant Bioinformatics Network (UK CropNet) maintains eight
databases. It is accessible faitp://ukcrop.net/

Contents. UK CropNet provides eight genetic databases:

¢ theArabidopsisGenome Resource (AGR)
BarleyDB

BrassicaDB

CerealsDB

Comparative Mapping (ComapDB)

Forage Grasses (FoggDB)
o MilletGenes
e SpudBase

Further information about the contents of these databases can be retrieved in [CROPa].
Each database provides hypertext links to external databases.

Data modelling, data storage, and data acquisition. All databases provided by UK CropNet are
modelled and implemented using ACEDB as DBMS. The schema of each of the eight and several
other plant databases (also implemented using ACEDB) can be browsed with the ACEDB class brows-
ing tool WebAce at [CROPD].

Data are acquired primarily from the plant research community.

Data retrieval and query answering. The different databases at UK CropNet can be browsed or
searched via the tools provided by ACEDB. This includes fixed-formaantbc query interfaces.

The ACEDB software package can be downloaded for local installation on several platforms. All
databases provide flat file releases for a local ACEDB system. These files can also be downloaded via
FTP.

Size. No information available.

Literature on UK CropNet:

[CROPa] J. Dicks et al. K CropNet: a Collection of Databases and Bioinformatics Resources for
Crop Plant GenomicNucleic Acids Resear¢R8(1):104-107, 2000.

[CROPDb] http://ukcrop.net/db.html


http://ukcrop.net/
http://ukcrop.net/db.html
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A.114 UTRdb

Provider and access. UTRdb is maintained by a collaboration of several italian and american re-
search institutes and universities. It is provided at CNR, Bari, Italy and can be accesk#tg:at

Contents. UTRdb is an annotated sequence database about untranslated regions of eukaryotic mR-
NAs.

It provides Hypertext links to external databases.

Data modelling, data storage, and data acquisition. UTRdb is a flat file database consisting of
entries. Each entry is explicitly structured by search indexes. A sample entry of URTdb can be seen
in [UTRa].

Data is acquired from EMBL (c{_A28).

Data retrieval and query answering. UTRdb can only be accessed via the Sequence Retrieval
System (SRS, cf. Chapter4j3.7). A local SRS server is accessili@@i/bighost.area.
ba.cnr.it/srs/

There are no query interfaces, nor any lat file released for downloading, nor a capability to browse
through the data.

Size. No information available.

Literature on UTRdb:

[UTRa] G. Pesole et al. UTRdb and UTRsite: specialized databases of sequences and func-
tional elements of 5" and 3’ untranslated regions of eukaryotic mRNMgleic Acids
Research28(1):193-196, 2000.

A.115 WIT: The What Is There System

Provider and access. The What Is There (WIT) system is maintained by a collaboration between
Integrated Genomics at Chicago/USA and Argonne National Laboratory at Argonne/USA. It can be
accessed at the web site of both collaboratbtga://wit.mcs.ani.gov/WIT2/

and at:http:/iwit.IntegratedGenomics.com/IGwit

Contents. The database supports comparative analysis of sequenced genomes and allows generation
of metabolic reconstructions based on data from the EMP/MPW (Cf] A.69) family of databases. WIT
provides hypertext links links to MPW (cfA169) and MEDLINE (Ci"A159).


http://bigarea.area.ba.cnr.it:8000/EmbIT/UTRHome/
http://bigarea.area.ba.cnr.it:8000/EmbIT/UTRHome/
http://bighost.area.ba.cnr.it/srs/
http://bighost.area.ba.cnr.it/srs/
http://wit.mcs.anl.gov/WIT2/
http://wit.IntegratedGenomics.com/IGwit
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Data modelling, data storage, and data acquisition. There are no information available about the
data model and the implementation.

WIT acquires chromosomal sequences and metabolic pathways from the MAW (¢f. A.69).

Data retrieval and query answering. Data in WIT can only be accessed via fixed-form query
interfaces. WIT can be searched for genes, proteins, COGs, metabolic pathways, etc.

There is naad-hoc query interface, no capability to browse the data, nor any flat file release provided
for download.

A large set of analysis tools are within the database. The results of any query can be analysed using
these programs.

Size. No information available.

Literature on WIT:

[WITa] R. Overbeek et al. WIT: Integrated System for High-Throughput Genome Sequence
Analysis and Metabolic Reconstructidducleic Acids Resear¢c8(1):123-125, 2000.

[WITb] http://wit.mcs.anl.gov/WIT2/

A.116 WormPD: The C.elegansroteome Database

Provider and access. WormPD is maintained by Proteome Inc. at Beverly/USA and accessible
freely to academic users dtttp://www.proteome.com/databases/index.htmi

Contents. The WormPD stores proteome information about the proteins of the model organism
C.elegansHypertext links to several other databases such as e.g. GenBapk{gf. A.36), SWISS-PROT

(cf. AZI03), MIPS (cf[A®BB), and PubMed (df._A]90) are provided.

Data modelling, data storage, and data acquisition. WormPD is based on a relational model
and uses the commercial software Oracle as DBMS. Further information about the data model is not
provided. A controlled vocabulary for querying and analysing data in WormPD is enforced.

The data are gathered from the scientific literature and submissions of the community.

Data retrieval and query answering. The data are accessible via a (complex) fixed-form query
interfaces or an advanced full-text keyword search (several keywords can be combined by using the
boolean operators “AND”/”"OR” ). WormPD can also be searched by the gene name encoding a pro-
tein. The database can also be browsed starting at [WorDb], following links classified by several
categories to at least a list of all data items in the according category.


http://wit.mcs.anl.gov/WIT2/
http://www.proteome.com/databases/index.html
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The data items are represented in a special format called the “Protein Report”. The Protein Report
lists all information about a protein in a HTML table. A comprehensive reference list with links to
their MEDLINE (cf. [A259) abstracts are provided.

There are no flat files available. There is alsatéchoc query interface.

Size. The current release (November 2000) stores information about 18973 proteins and provides
2415 references. The size of the data in MB is not available.

Literature on WormPD:

[WorDa] M. Costanzo et al. The Yeast Proteome Database and Caenorhabditis elegans Proteome
Database: comprehensive resources for organisation and comparison of model organism
protein information Nucleic Acids Researc8(1):73-76, 2000.

[WorDb]  http://www.proteome.com/databases/index.html

A.117 XREFdb

Provider and access. The XREFdb database was maintained at the US National Center for Biotech-
nology Information (NCBI) in collaboration with the John Hopkins University School of Medicine in
Baltimore, USA, and the University of British Columbia at Vancouver, Canada. It was able to be
accessed ahttp://www.ncbi.nim.nih.gov/iXREFdb/

The XREF project has been completed and all XREF software is no longer supported.

A.118 YIDB: The Yeast Intron DataBase

Provider and access. The Yeast Intron DataBase (YIDB) is free for academic users and can be ac-
cessed aihttp://www.EMBL-Heideiberg.DE/Externalinfo/seraphin/yidb.htmi

Contents. YIDB contains currently available information about all introns encoded in the nuclear
and mitochondrial genomes 8f cerevisiae

The introns are divided according to their mechanism of excision into five classes:

e group | introns

group Il introns

pre-mRNA introns

tRNA introns

the HACL1 intron


http://www.proteome.com/databases/index.html
http://www.ncbi.nlm.nih.gov/XREFdb/
http://www.EMBL-Heidelberg.DE/ExternalInfo/seraphin/yidb.html
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For a detailed description of these five classes see [YIDBb]

Hypertext links are provided to EMBL (¢FAR28), MIPS (df-_A]63), SGD (A]L00), and PubMed (cf.
A30).

Data modelling, data storage, and data acquisition. There are no information available about the
underlying data model and data management system. We assume that the data are stored in five files,
each of it structured as (HTML) tables.

The data are derived from other databases such as e.g. SGD(cf] A.100), YRD (cii A.119), MIPS
(cf. BB3), and EMBL (cf.[A:ZB) and complemented with information (manually) retrieved from the
literature.

Data retrieval and query answering. The YIDB can be browsed following the link to one of the
five intron classes. All data items are listed in an HTML table, representing the information that is
available and providing hypertext links to the databases mentioned above.

There are no query interfaces at all nor a flat file release provided for download.

Size. No information available.

Literature on YIDB:

[YIDBa] P.Lopez and B. Seraphin. YIDB: the Yeast Intron DataBdsecleic Acids Research
28(1):85-86, 2000.

[YIDBb]  http://www.EMBL-Heidelberg.DE/Externallnfo/seraphin/yidb.
ntmi

A.119 YPD: The Yeast Proteome Database

Provider and access. The Yeast Proteome Database (YPD) is maintained by Proteome Inc. at Bev-
erly/USA and accessible freely to academic userk@#p://www.proteome.com/databases/
index_htmi

Contents. The YPD stores proteome information about the proteins of the model org&nisene-

visiae

Hypertext links to several other databases such as e.g. GenBanK{(Gf. A.36), SWISS-PROT (¢f. A.103),
MIPS (cf.[A63), and PubMed(cf_A-P0) are provided.

Data modelling, data storage, and data acquisition. YPD is based on a relational model and uses
the commercial software Oracle as DBMS. Further information about the data model is not provided.
A controlled vocabulary for querying and analysing data in YPD is enforced.


http://www.EMBL-Heidelberg.DE/ExternalInfo/seraphin/yidb.html
http://www.EMBL-Heidelberg.DE/ExternalInfo/seraphin/yidb.html
http://www.proteome.com/databases/index.html
http://www.proteome.com/databases/index.html
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The data are gathered from the scientific literature and submissions of the community.

Data retrieval and query answering. The data are accessible via a (complex) fixed-form query
interfaces or an advanced full-text keyword search (several keywords can be combined by using the
boolean operators “AND”/OR” ). YPD can also be searched by the gene name encoding a protein.
The database can also be browsed starting at [YPDDb], following links classified by several categories
to at least a list of all data items in the according category.

The data items are represented in a special format called the “Protein Report”. The Protein Report
lists all information about a protein in a HTML table. A comprehensive reference list with links to
their MEDLINE (cf. [A259) abstracts are provided.

There is no flat file release available.

Size. The current release (November 2000) stores information about 6145 proteins and provides
18875 references. The size of the data in MB is not available.

Literature on YPD:

[YPDa] M. Costanzo et al. The Yeast Proteome Database and Caenorhabditis elegans Proteome
Database: comprehensive resources for organisation and comparison of model organism
protein informationNucleic Acids Researc8(1):73-76, 2000.

[YPDb] http://lwww.proteome.com/databases/index.html

A.120 ZmDB: Zea maydataBase

Provider and access. TheZea may®ataBase (ZmDB) is maintained at the lowa State University
at Ames, USA and can be accessech#in://zmdb.iastate.edu/

Contents. ZmDB stores sequence, expression, and phenotype data of the major crop plant maize.

Entries in ZmDB are hypertext linked to the data resources at NCBI such as e.g. GenBank{cf. A.36),
OMIM (cf. &72), and PubMed (cf_AX90).

Data modelling, data storage, and data acquisition. ZmDB is implemented using the ACEDB
software as DBMS. There is no information about the underlying schema, but the existing classes can
be browsed with the query tool "Class Browser” (see below) at [ZmDBb].

Data are acquired from other public databases and the scientific community.

Data retrieval and query answering. Data in ZmDB can be accessed as follows:

1. Fixed-form query interfaces:


http://www.proteome.com/databases/index.html
http://zmdb.iastate.edu/
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e Text Search: find by content, search for objects with a specific text string
e Blast Search: search for homologs of given sequences in the database using BLAST [4].

2. Ad-hoc query interfaces:

e Queries can be expressed in the AQL.

In addition the data can be downloaded via FTP as flat files, as well as several analysis tools.
A tool called “Class Browser” supports browsing through the database class by class.

Size. The flat files of ZMmDB currently store between about 6 MB and 150 MB.

Literature on :

[ZmDBa] X. Gai et al. Gene Discovery Using the Maize Genome Database ZiND&eic Acids
Research28(1):94-96, 2000.

[ZmDBb] http://zmdb.iastate.edu/


http://zmdb.iastate.edu/

Appendix B

The Genetic Code

B.1 Index of Nucleotides

The following table lists all nucleotides that occur in nucleic acids (DNA and RNA).

TABLE B.1: Index of nucleotides that occur in DNA and RNA.

Chemical name One-letter code Occursiin
Adenin A DNA and RNA
Cytosin C DNA and RNA
Guanin G DNA and RNA
Thymin T DNA only
Uracil U RNA only

B.2 Index of Amino Acids

The following table (Tabl¢ B]2) provides a list of the one- and three-letter code of the 20 different
amino acids that occur in proteins. The column named “classified as” provides information about the
chemical properties of the residue of the according amino acid. The classification is according to [9]
and distinguishes between: Hydrophobic amino acids, charged amino acids, polar amino acids, and
Glycine. (The amino acid Glycine is an exception. It cannot be put into one of the classes mentioned
before.) A list of the chemical formulas of all 20 amino acids can be seen elgl in [45] or [9].
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TABLE B.2: Index of the 20 aminoacids that occur in living organisms.

One-letter code Three-letter code Chemical name Classified as
A Ala Alanine hydrophobic
B Asx eitherof D or N cf. DorN
C Cys Cysteine polar
D Asp Aspatrtic acid charged
E Glu Glutamatic acid charged
F Phe Phenylalanine hydrophobic
G Gly Glycerine Glycerine
H His Histidine polar
I lle Isoleucine hydrophobic
K Lys Lysine charged
L Leu Leucine hydrophobic
M Met Methionine hydrophobic
N Asn Asparagine polar
P Pro Proline hydrophobic
Q GIn Glutamine polar
R Arg Arginine charged
S Ser Serine polar
T Thr Threonine polar
\% Val Valine hydrophobic
W Trp Tryptophan polar
X X undetermined amino acid -

Y Tyr Tyrosine polar
Z Glx eitherof Eor Q cf. EorQ
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B.3 The Genetic Code

Table[B-B shows the “universal genetic code”, which determines the result of each mRNA codon.
The genetic information is transfered from genes (DNA) into mRNA according the base-pairing rules.
After that, the sequence of nucleotides is translated into a sequence of aminoacids (protein). Three
nucleotides in mMRNA code for one amino acid in the protein. Abbreviations of the nucleotides and
amino acids are explained[in B.1 and]B.2.

Example: The codon consiting of UCG codes for the amino acid serine (Ser). “STOP” means the
termination of the translation procedure.

TABLE B.3: The genetic code

First Base Second Base Third Base
U C A G

U Phe Ser Tyr Cys U
Phe Ser Tyr Cys C
Leu Ser STOP STOP A
Leu Ser STOP Trp G

C Leu Pro His Arg U
Leu Pro His Arg C
Leu Pro GIn Arg A
Leu Pro GIn Arg G

A lle Thr Asn Ser U
lle Thr Asn Ser C
lle Thr Lys Arg A
'(VIS(?Ft ART) Thr Lys Arg G

G Val Ala Asp Gly U
Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G
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