










































































































































































































































































































































































































































































































































































































































































































































































H.IL History of the package releases

Concurrently, SWISS-2DPAGE was also converted into the new relational format
and was hosted during three years in an alternative Web site. In 2006, the new
installation definitively substituted the former official SWISS-2DPAGE installation
running on the ExPASy server.

Public releases

Since the beginning of the public distribution of the package, we have maintained
contacts with many users to assist them to install and to use the tool. The same contacts
also significantly helped us to fix many problems and to improve the functionality of
the tool, which was continuously extended.

The first public release was made available in October 2003. This version was a beta
release that required many fixes. This version was improved twice in 2004 by two new
releases. In April 2005, the first official stable version was made available and was
followed, in December 2005, by a second major version with extended features. The
last public release to be published was made available in September 2006. We expect to
replace this release in spring 2008 by the one that has been developed during 2007 and
the beginning of 2008.

Technical details regarding the evolution of the tool are given at the address:
= http://world-2dpage.expasy.org/make2ddb/changes.txt

Due to the adopted federated approach, we always had to ensure that each new
version was fully compatible with all preceding versions of the tool. This was important
since most users do not necessarily update their installations when a new version is
available. We also had to systematically check the compatibility of the tool with all
new versions of third-party software required to run the tool (PostgreSQL, Apache,
Perl, InSilicoSpectro, etc.).

In order to download the tool, users are required to register by providing some
personal information'. The registration form also asks them whether they would like to
receive updates regarding new releases and fixed bugs. Table H.II-1 displays the
number of public downloads from the ExPASy server since June 2003. There have
been 253 downloads in total by 208 different users, using 203 distinct e-mail addresses.
Downloads originated from 208 different organisations from all over the world. These
organisations include a large number of universities, institutes, research centres, as well
as a number of business companies.

! http:/ /www.expasy.otg/ch2d /make2ddb.html
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Table H.II-1: Make2D-DB Il public releases.

Version Availability Date Downloads Remarks

0.25 June 2003 N/A Reserved for EBP partners upon request
0.40 October 2003 23 First public release (test version)

0.89 April 2004 30 Many improvements

0.95 November 2004 30 Many improvements

1.00 April 2005 37 First official major release

2.00 December 2005 56 Second official major release

2.50.1 September 2006 77 Many improvements

2.50.2 Spring 2007 N/A Internal version applied to SIB databases,

portals and repositories

2.60.1 Scheduled for spring 2008 N/A In development

We estimate that approximately half of the time needed to develop Make2D-DB II
was spent in building up Web interactive interfaces. Since we had to find an
equilibrium between the conceptual development and the implementation of interfaces,
the current Web interfaces do not entirely cover all the features expressed by the
implemented data model. For example, project and protocol elements are not fully
presented by the web interfaces, and data integration based on Gene Ontology is not
operational yet, despite the fact that these concepts are fully integrated within the
physically implemented data model (E.IV). A significant amount of time was also
needed to test the tool with different sets of input data, on different systems, with
different versions of third-party software, and using different combinations of
parameters and configurations. We tried as much as we could to reach a balance
between the available resources, the time at hand, the conceptual ideas and the building
up of a pragmatic and working integration system. To optimise prospective
developments, many features that are not operational yet have been suitably
implemented in a way that makes their future activation straightforward.

H.III. Available Make2D-DB II resources

H.III.1 Remote Make2D-DB II databases

There are currently several public and private remote databases built using our tool.
Since we have been contacted by many users for technical assistance during the setting
up of their databases, we are aware of the existence of a number of databases that are
not part of the public domain. All databases developed in business companies belong to
this category.
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More importantly for the proteomics community, many 2D-PAGE resources have
already joined the Make2D-DB II public environment. Most of these resources are new
databases. However, part of them is formerly existent databases that have been

converted into the new environment.

Almost all public databases are installed using one of the official versions of
Make2D-DB II. However, one public database, 2Dbase-Ecoli (Table H.III-1) includes a
feature added by the database developers, a comparison procedure between maps based
on protein functional categories1 (Vijayendran et al. 2007). This illustrates the
possibility for third-party developers to easily include additional functionalities to the

open source code of Make2D-DB II.

Table H.llI-1: Some public 2-DE databases built with Make2D-DB II.

Identified

. Species Number Make2D-DB I
Database Institution - 2 spots / .
(tissue) of maps ; version
proteins
Swiss Institute of Bioinformatics, Various 36 3976 2.50.2
SWISS-2DPAGE Geneva, Switzerland .
(various) 1265
http://www.expasy.org/swiss-2dpage/, http://www.expasy.org/ch2d/
. Lab of Reproductive Medicine, Human and 6 2605 2.50.1
Rreproduction- Nanjing Medical University, P. Mouse
2DPAGE . 1172
R. China .
(testis / ovary)
http://reprod.njmu.edu.cn/2d/
Department of Microbiology, Yeast 16 546 2.50.1
CompluYeast Faculty of Pharmacy, 169
2D-PAGE DB Complutense University,
Madrid, Spain
http://compluyeast2dpage.dacya.ucm.es/cgi-bin/2d/2d.cgi
Institute for Bioinformatics Ciona 4 492 2.50.1
CIPRO Research and Development, intestinalis 276
2D-PAGE Japan Science and Technology
Agency, Saitama, Japan
http://cipro.ibio.jp/~ueno/2d_page/cgi-bin/2d/2d.cgi
Fermentation Engineering Escherichia coli 14 1185 2.01.a Modified
2Dbase : . e .
Ecoli Group, University of Bielfield, 793 version

Germany

http://2dbase.techfak.uni-bielefeld.de/

! http://2dbase.techfak.uni-bielefeld.de/cgi-bin/2d/2d_compare_gels.cgi

2 For February 2008
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DOSAC-COBS DOSAC — CQBS Proteomics Human 9 909 2.00.1
2D PAGE and_Gen_omlcs Study Group, (various) 160
University of Palermo, Italy
http://www.dosac.unipa.it/2d/
. Department of Cell and Mus musculus 2 135 2.00.1
Peroxisomal Molecular Biology, Upsala
2D-PAGE University, Sweden (liver) 66
http://www.sbc.su.se/~jia/2D/
c Department of Molecular Human 5 268 1.00.a
ornea Biology, University of Aarhus
2DPAGE ’ Denmark ’ (cornea) 67
http://www.cornea-proteomics.com/
Plasmo Indian Institute of Science, Plasmodium 15 51 1.00.a
2DBase Bangalore, India falciparum 16
http://utlab3.biochem.iisc.ernet.in/Plasmo2Dbase/
The Silkworm Genome Silkworm 116 N/A 1.00.a
KAIKO 2D Research Program, National N/A
DataBase Institute of Agrobiological

Sciences, Ibaraki, Japan

http://kaiko2ddb.dna.affrc.go.jp/

Additional resources are in a process of adhering to the public Make2D-DB 1I

environment in 2008. In particular, the Siena-2DPAGE database from the Department
of Molecular Biology (University of Siena, Italy) that has been previously published on
the Web using the former Make2ddb tool (Table C.IV-4). 2-DE resources from the
Proteome Research Centre at UCD Conway Institute of Biomolecular and Biomedical
Research' (University College Dublin, Ireland) are also expected to adhere to the
environment shortly.

H.II1.2 World-2DPAGE Portal
In 2006, we have launched World-2DPAGE Portal, the first dynamic 2D-PAGE
portal to query simultaneously worldwide gel-based proteomics databases:

% http://world-2dpage.expasy.org/portal/ >

This portal is simply a Web interface accessing on the fly other remote Make2D-DB
IT Web servers from all over the world. Therefore, it can be seen as a virtual unique
database. Our group has chosen a set of available remote resources with a particular
interest for the proteomics community. However, the list of resources offered is

Uhttp:/ /www.ucd.ie/ conway/ Integrative_proteome.html

2 Redirecting to http://www.expasy.org/wotld-2dpage/
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intentionally limited to databases using the UniProtKB protein index or including
cross-references to UniProtKB, since these databases benefit from a higher degree of
data integration. In December 2007, the portal was already linked to 8 remote Web
servers / 10 remote databases, totalising 91 reference maps and nearly 10300 identified
spots from 10 different organisms, which makes it the largest gel-based proteomics
database accessible from a single entry point. Additional 2-DE resources will soon be
included within the portal.

Similarly, any organisation can easily set up analogous portals using the Make2D-
DB II package. Portals are easily configurable and can include any number of remote
Make2D-DB II Web servers and/or portals (F.IL6 - Web portals).

We have chosen to integrate an access to World-2DPAGE Portal within the
distributed package of Make2D-DB II. Hence, end-users are able, from any remote
Web server, to effortlessly select the World-2DPAGE portal for their queries.

This s the main interface of the Make2D-DB 1l tool to queny Worlt2DPASE Portal
Home (search engine)

Search by World-2DPAGE Portal

[accession number]

[description, ID or gene]

[author’s name] j [How to use this interface]
[spotID / serial number]

[identification methods]
[pl / Mw range] Summary of the current content of daiabases avallable from this portal

A Dynamic Portal to query simultaneously World-Wide Gel-based Proteomics Databases

Last updated: 15-Dec-2007

[combined fields] Database Species Maps Identified spots Identified proteins References Release
Maps 2DBase-Ecoli 14 1185 7235 1 2.0 (2007-10-05)
Cornea-2DPAGE 5 268 1.0 (2005-10-27)
[experimental info] DOSAC-COBS 2D-PAGE 1.0 (2008-05-12)
)
)
)

9 903
[protein list] Peroxisomal 2D-PAGE 2 135 1.0 {2008-03-05

1
u]
u]
Plasmo2DBase 15 a1 0] 1.0 {2008-08-21
4
7

5.0 (2007-04-14
36 3976 18.5 (2007-07-11)
4 1131 7l 1.0 (2007-12-19)

Query Remote Interfaces:
[All Interfaces] El
2DBase-Ecoli O
Comea-2DPAGE O
DOSAC-COBS 2D-PAGE O
Peroxisomal 2D-PAGE O
O
O
O

SWISS-2DPAGE
World-2DPAGE Repository

1
1
1
1
1
REPRODUCTION-2DPAGE 2 5 2605
7
2

Deiails of the current content

; Identified Identified
Species Map ;
spots proteins
2DBase-Ecoli
Ecoli E.coli MG1655 (without CAS)
Ecoli E.coli MG1655 (with CAS)
Ecoli E.coli DH10E (Glucose)
Ecoli E.cali DH10E after 1000 Gen. (Glucose)
Ecoli DH10B-Adp (Galactose)

Plasmo2DBase
REPRODUCTION-2DPAGE
SWISSZDPAGE
World2DPAGE Repository

Figure H.llI-1: World-2DPAGE Portal.

H.III1.3 World-2DPAGE Repository

World-2DPAGE Repository (Hoogland et al. 2008) is the recently created
supplement to World-2DPAGE Portal. Since Make2D-DB II has the ability to build
and access any number of local databases, setting up a repository of 2-DE databases
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was an unproblematic task. World-2DPAGE Repository is a public standards-
compliant repository that aims to host gel-based proteomics data with protein
identifications published in the literature. It aims to support laboratories that do not
have the means of hosting a database containing their data. The repository is accessible
at:

= http://world-2dpage.expasy.org/repository/

Data from two publications (Plikat et al. 2007; Li et al. 2007) are already accessible.
They include four 2-DE image maps with nearly 1200 identified spots. In addition, all
is in place to add more datasets. Authors can easily submit their published gel-based
proteomics data through a form at:

= http://world-2dpage.expasy.org/submission/

Submitters are asked to upload gel image(s), spot identification list(s), annotations,
and MS data (if any). They are also asked to give relevant information on publications
and experimental protocols, such as PSI-MIAPE documents (¢f- C.IV.8 and E.IV.2 -
References to external data documents). To help submitters to create PSI-MIAPE
documents, our group has developed MIAPEGelDB!, a tool that interactively generates
and stores PSI-MIAPE documents through a self-documenting web interface. The more
information is given, the better the annotation of the datasets will be.

In the event that a dataset was already submitted as MS identification data to the
PRIDE repository (C.V.2), the same files can be reused for submission to the World-
2DPAGE Repository without any additional work. Bi-directional cross-references
between World-2DPAGE and PRIDE have been set up to offer a smooth navigation
between both repositories. Therefore, upon manuscript submission to proteomics
journals, we encourage authors to submit their MS data to PRIDE, and their gel-based
data (as well as their MS data) to World-2DPAGE. Our repository supports data
privacy, allowing temporary data restriction to registered users only (the submitters,
their collaborators, the journal editor and the article reviewers). Data is
straightforwardly promoted to public access upon authors’ decision or typically upon
acceptance of the corresponding article. Public datasets from the World-2DPAGE
Repository become automatically part of the World-2DPAGE Portal, thanks to the Web
server interconnection described in F.I1.6 / Figure F.II-6.

Because of the amount of local datasets that we expect to gradually append to the
new repository, we plan an imminent reorganisation of the repository Web interface
(Figure H.III-2). A list of submitted databases, clustered by organisms, by tissues, by
pI/Mw range, or by other characteristics, should then be presented to end-users. Thus,
users can target their queries to a limited set of data resources related to their specific
interests.

1 By Xaviet Robin and Christine Hoogland (Proteome Informatics Group, SIB), http://miapegeldb.expasy.otg/
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Summary of the current content (Last updated: 19-Dec-2007)
Home

[Accession| Database Name |Species |Maps Identified spots (Identified proteins References Contact
Search by 0001 |[CGL14067-2DPAGE| 1 || 2 166 138 PROTEOMICS (2007) 7(23): 4317-4222)[Prof. Atsushi Vaokotal

[accession number] 0002 NIBR 2D-PAGE 1 | 2 965 775 PROTEQMICE (2007) 7(7): 252-1003 || Dr. Hans Voshal
[description, ID or gene]

[author's name] Submit your published data here!

new

[spotID / serial number]

[identification methods] -
Ipl/ M ] ‘ [Facts and statistics]
pl/ Mw range Y

[combined fields] J CGL14067 2DPAGE

Maps B iR 20-PAGE

[experimental info]

[protein list]

® Daiabase Public Name: NIBR 2D-PAGE

o Description: This is the 2D-PAGE server to guery NIBR 2D-PAGE'

» Curent Release: 3.0 (19 December 2007)

= Copyright: Data from Dr. Hans Voshol, Movartis Institutes for Biohedical Research, Basel, Switzerland
» Coptact: Dr. Hans Voshol, email: johannes.voshol -at- novartis.com

[graphical interface]

Databases:
L1
CGL14067-2DPAGE
| NIBR 20-PAGE

o Current Content and Stabistics:

General facts
use Chi'to select several : - " - :
R s orbhabse AN |S|lec|es Maps ‘I(Ienllﬁed spots, ‘Iﬂentlﬁeﬂ proteins (entries) |Relerences‘

[ 2 | 965 [ 775 [ |

Query Remote Interfaces:
[AIl Interfaces] L]
SWISS2DPAGE 0 Species / Maps

World2DPAGE Portal [] Species Strain [Tissue {Swiss-Prot) |Map short name |Map full name Dimension
Staphylococcus aureus (strain Mu50 / ATCC 700699) - - STAPHY4-7 Staphylococcus aureus, pH 4-7 2D

[ Exclude local DBs S - - STAPHYE-11  |Staphylococcus aureus, pHB-11 2D
has only effect i a remole
Inferface is selectec

Spots and Proteins Distribution

Species Map Identified spots [Detected spots |ldentified proteins (entries)

Staphylococcus aureus (strain Mu50 / STAPHY4-7 (Staphylococcus aureus, 804 B57
ATCC 700699) pH 4-7)

Figure H.llI-2: World-2DPAGE Repository.

End-users should then be presented with a list of submitted databases clustered by
organisms, by tissues, or by other characteristics, so that queries can be targeted to a
limited set of data resources with relation to specific interests.

H.III.4 Grouping 2-DE resources: The World-2DPAGE Constellation

The WORLD-2DPAGE Constellation has been set up to group together the many

gel-based resources proposed by SIB. It is represents the home page of the recently
created ExPASy 2D-PAGE domain name:

= http://world-2dpage.expasy.org/

World-2DPAGE Constellation offers a direct access to the Make2D-DB II based
resources: World-2DPAGE Portal, World-2DPAGE Repository, SWISS-2DPAGE and
Make2D-DB II Web server, as well as to WORLD-2DPAGE List (C.IV.4) and World-
2DPAGE Repository submission form. Information and news regarding these many
resources, or any other future resources, can therefore be rapidly consulted (and the
resources accessed) from this insightful Web address.
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H.IV. Perspectives

Make2D-DB 1I is still an ongoing project that can and should be extended in many
different aspects. At the data model level, we have already discussed in Chapter E. the
many implemented but not fully activated concepts that will need additional
developments to make the environment more global and integrative (inclusion of
additional external resources, use of GO terms and tissue classification to compare
related data, cross-linking of similar maps between distant databases, etc). We have
also presented in Chapter F. some of the limitations regarding data input, which are the
unavoidable consequences of the friendly but low structured data input formats
currently in use (spreadsheets / flat files). The Web interfaces and the search engines,
which were presented in Chapter G. , do not presently take full advantage of the entire
potential of the implemented data model. Further development of these interfaces is
needed in order to handle a wider range of important features and queries that may be
required by researchers (search by projects and studies, comparison of protein
expression, inclusion of third-party analysis software, etc). Data updates should also be
made simpler by means of an interactive interface rather than by providing text files
and performing shell commands.

In the immediate future, some newly added features have to be completed and
tested, and some minor bugs should be fixed, before the version currently in
development (2.60) is released. The new version should be available in spring 2008.
Most notably, this version will include a queriable archive system of modified protein
entries (E.V.6 - Archiving modified entries) and a more automatic process to update
already running installations into the most recent version of the tool (F.IL5 - The
<update> option). Making the update process easier is important, since many users are
not instinctively willing to reinstall their already running databases. By encouraging
users to update their personal public installations, we ensure that the whole Make2D-
DB II community will efficiently benefit from the most up-to-date functionalities of the
tool, regardless of the origin of the distributed data.

H.IV.1 Short-term perspectives

The short-term perspectives are additional functionalities that represent important
add-ons and that should not require large development efforts and resources.

Extending data integration capabilities

An imminent feature that should immediately generate a significant gain in data
integration capabilities is the automatic assimilation of Gene ontology classification
terms within the protein annotations (E.V.6 - Gene ontology classification). The
process would mainly rely on the extracted UniProtKB cross-references to GO, as well
as on the integrated UniProtKB keywords, since the mapping of the latter with GO
terms is becoming increasingly reliable. Protein classification and clustering should
consequently become possible over several remote databases, which is valuable in
comparative studies.

Another significant development would be to extend the support for project,
biosource and study annotations (E.V.2) - and for comparative studies, to extend
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analyte annotations (E.V.3). Such a development would require to broaden the structure
of the data input files and/or to extract annotations from documents that follow the
ongoing PSI recommendations covering these subjects. We may also reinforce tissue
annotations by promoting a more sophisticated tissue classification to share amongst
users (as described in E.V.2 - The Tissue classes).

Although the current listing of related objects (e.g., related maps, studied organisms
or tissues) is partially achieved using the combined search option over several remote
Web servers (e.g., via a Make2D-DB 1I portal), such developments would expand the
prospect of permanently linking all related objects between remote 2-DE databases. For
instance, this could be achieved by locally storing multi-directional cross-references,
which implies to implement and to periodically update ObjectDynamic classes (e.g.,
OrganismDynamic and TissueDynmaic classes) like the currently implemented
GelDynamic class (E.V.8 - Remote gels).

Importing annotations

Importing directly data from PSI and MIAPE documents into the relational system
should be promoted as soon as these documents become stable. Documents describing
gel protocols, gel informatics and identification evidence will certainly be provided not
only as supporting documents, but will also provide the relational implementation with
relevant data. The gel protocol classes (E.V.3 - The Gel protocols) and the
identification subsystems (E.V.5 - The predefined identification subsystems) are likely
to be the first classes concerned with any upcoming document-based data extraction.

Extending data exchange formalism and formats

For the moment, the logical URL formalism and the resulting output formats used
by the environment are primarily intended to exchange data between the federated
remote Make2D-DB 1II nodes, and to extract or refer to objects in a specific format
(G.IIL2). The current formalism needs to be more expressive and the formats to be
more generic, in order to reinforce data exchange between the environment and other
integration systems. Since a generic XML format seems a practical choice, the tool
must be provided with a generic procedure to export data in this structure. For better
efficiency, much of the work needed to nest data should be performed at the relational
database level. Object views could be generated in the same way we already pre-
process the plain materialised views (E.V.10). Providing XML-based views for data
exchange will not necessitate the use of Web service SOAP protocols for
interoperability, since we believe that REST, combined with logical URLSs, can achieve
the same objective in a much simpler way.

By pre-processing data this way, we will also be able to export directly database
content in XML format, along with the existing exports in extended flat file and dump
formats (G.V.2), which is convenient for the distribution of databases. The XML
structure reflecting the protein perspective should be intuitive to define. However,
defining at this stage the XML structure from the more “natural” gel/spot perspective
may lead users to confusion and undermine the PSI recommendations in 2-DE data
representations, which are still in progress.
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Enbancing the data update procedure

To add or modify local data within an already installed database, users are required
to provide all their previous non-modified data and use the batch <update> option
(G.VI). This approach is not user-friendly and can be improved by requiring users to
provide only their new data. Modified data and data to be deleted will then need a new
mechanism to be erased from the system. This mechanism should offer a way to
express data to be deleted. However, expressing in a simple way which data has been
modified is rather a complex task. In case not enough resources can be allocated to the
development of an interactive annotation interface, dedicating some resources to set up
this mechanism would be valuable for many users.

H.IV.2 Long-term perspectives

Long-term perspectives are developments that require more available resources and
time. They also reflect concerns about long-term behaviour and stability of the system,
and potential solutions to overcome them.

The Web-based annotation interface

We have already commented on the development of an annotation environment to
interactively add, remove or modify annotations in an existing database, instead of
using the non-interactive <update> option. We estimate that the best way is to adopt an
object-relational mapping solution, or a Model-View-Controller approach, which are
generic enough to cope with the complexity, the evolvement and the decentralisation of
the Make2D-DB 1II environment (G.VI). We estimate the development time to be at
least of 4 to 6 months of dedicated work by a single person. The development of such
an environment will therefore depend on the resources attributed to the project in the
future.

Accessing an increasing number of distributed databases

Up to now, we have not experienced any particular problem while querying
simultaneously many remote Web servers. However, we cannot entirely predict the
system behaviour when it will have to deal with a considerably large number of
distributed resources at once, which is likely to happen, in particular with the World-
2DPAGE Portal and Repository. A main concern is the common problem of timeout.
We previously mentioned the possibility of clustering databases in order to reduce the
queried ones to those of interest (H.IIL.3), which can be done by analysing and locally
storing the databases’ exportable statistics. Other alternatives may include the use of
AJAX technology (Asynchronous JavaScript and XML)' to increase responsiveness
and interactivity and which results in pushing data asynchronously. Similar results can
be achieved by splitting the Web-based interactive process into many parallel non-
interactive and independent processes that each contacts a single node and delivers the
received answers in a common container that is continuously accessed by the
interactive Web interface using pushovers.

1 ¢f. glossary.
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Currently, when end-users perform queries on several remote databases at once, data
is presented as a list of consolidated objects, which clearly states the origin of each
object. In the long run, and with a rising number of remote resources, we may make
abstraction of the origin of data and concentrate on the merging of objects (Join
operations), thus avoiding long and unreadable lists of objects that may contain
redundancy.

Encouraging the top-down approach in annotations

Make2D-DB II has been developed using a bottom-up approach, which was
essentially due to practical considerations. We wanted to deliver a working system to
manage 2-DE datasets that follow a protein-based perspective, and in a relatively short
period. However, we progressively managed to extend the data model to cover the
wider aspects of proteomics experiments. In the present circumstances, it would be
preferable to provide data following a top-down path: project — sample — separation (2-
DE) — isolated entities (spots) — analysis (MS...) — identification (protein) -
annotations. Make2D-DB 1I is not a LIMS and does not aim to reflect a proteomics
experiment workflow, even if providing data this way is much more natural to deal
with. This top-down path will require a different manner for data input, which should
be nested data (e.g., XML files). In theory, the data model can handle both approaches.
However, some significant work will be needed to implement the appropriate data
converters that will have to intensely check and transform the nested semi-structured
content into the fully structured database relational core.

Integrating the available experimental data in SWISS-2DPAGE

Many databases published with Make2D-DB II do not provide a large set of
annotations, identification evidences and preparation protocols within their contents.

Currently, SWISS-2DPAGE does not provide all of its identification evidences
either. The database was converted into Make2D-DB 1II using the originally distributed
database flat file, which cannot represent such data. To take full advantage of the
possibilities offered by the new environment, we look forward to integrating all the
available SWISS-2DPAGE preparation and analysis protocols, as well as its many
identification evidences, within the database central implementation. Integrating all
experimental identification results within SWISS-2DPAGE is important for two
reasons. Given the importance of SWISS-2DPAGE as a reference resource in
proteomics, this will encourage many data providers to publish their data in a similar
and richly annotated manner. The second reason is that the ExPASy server might
become more centred on proteomics workflows and experimental analyses, in
particular after the imminent migration of UniProtKB to a self-dedicated server.

Promoting the most up-to-date version of the tool

When users install or update a database, they may be using a version of the tool that
is outdated. It is possible to endorse users on-line with the most-up-to date
functionalities of the tool when they are installing or updating their databases. Hence,
we can think of replacing the distributed package by a live-installer that would extract
the most recent components of the tool. Promoting up-to-date installations would profit
to every end-user of the Make2D-DB II environment.
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Chapter

CHAPTER I. CONCLUSION

Q/QZ bioinformaticians become familiar with the challenges facing data

management and data integration, they realise there is no plain path that leads
to a unifying solution. However, the diversity of systems, their evolvement and
their cooperation will certainly contribute and converge towards the same
objective: a better understanding of the complexity of the interrelated life
science domains.
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1.1. Discussion

Developing the Make2D-DB II environment was a very interesting task that
constantly needed many considerations both at technical social levels. We were
involved in many of the schemas developed in Appendix III. (A survey on the
development of a proteomics data integration system).

The main constraints we encountered is that we did not start from scratch, since we
had to deal with already existing semi-structured datasets. In our case, the new data
model had been adapted to data and not the other way round. This was a realistic
approach, given the availability of data, as opposed to a theoretical approach, which
would have required data to be formulated in the logic of a theoretical model. To
progress from a data-centric model towards a more generic data model, we have gone
through smooth transitional steps in the model evolvement, making sure that the model
always perfectly fitted with existing data and with all former versions of the tool. We
frequently tolerated data incompleteness at the conceptual level, and we adopted many
former views of data to ensure that end-users would not be disturbed and that former
computer parsers would not suddenly break. We were aware from the beginning that a
top-down approach would have been conceptually easier to handle than the bottom-up
approach. But since we needed quick results, we tried to find a balance between the two
approaches.

In the last few years, Make2D-DB 1II has established itself as a reference in data
management, in data integration, and in data publication of gel-based proteomics
resources. The environment has been adopted by many academic and private research
groups, and it continues to serve many researchers, providing them with an easy-to-use
and reliable solution. Many 2-DE datasets have become visible to the proteomics
community thanks to the virtual global database set up by Make2D-DB IL
Furthermore, the recent additions of both World-2DPAGE Portal and World-2DPAGE
Repository are expected to significantly contribute to the expansion of the distributed
integrative environment.

Still an ongoing project

However, Make2D-DB 11 is still an ongoing project. The tool is tied to the relational
data model, which is highly structured and consistent, but implies every piece of data
that it handles to be of atomic nature, such as strings and numbers. On the contrary,
most data sources in biology are not that simple and are deeply nested. We overcame
this problem by adopting an object-relational approach that relies on pointers to data
structures and object materialisation (materialised views) at the inner level of the
implementation. In a relational implementation, it is nevertheless not simple to add new
data sources. Incorporating normalised proteomics data in Make2D-DB II and defining
the structure of materialised objects requires a deep reflexion. On the positive side,
consistency and non-redundancy are guaranteed.
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Promoting open source developments

Make2D-DB 1I is principally dedicated to academic researchers and has not been
developed to claim fees out of it. The entire code can be made open source, so that
many other contributors can participate in its improvement. The involvement of other
bioinformaticians and biologists in future developments, as opposed currently to a
single developer, will ensure a better longevity and evolution of the system. In order to
facilitate such an implication from other developers, we may consider a change in
license and to set up a dedicated server to centralise and manage ideas and
contributions from researchers from all over the world.

Mass spectrometry search engine

Make2D-DB II, although not formally being a mass spectrometry repository, has the
ability to store mass spectrometry data. In particular, it extracts peak list values from a
large range of common MS formats. Depending on the amount of MS annotations that
users may provide to the tool, the distributed nodes could comprise valuable data,
which represent a potential interest in spectra comparison. Therefore, we may think of
implementing a matching algorithm for mass spectra within the tool. The algorithm
would be triggered in order to identify the closest spectra to one or a set of provided
peak list values. The main advantage would be that, in a large distributed environment,
the charge of performing matching algorithms would also be distributed amid the
different computers, thus reducing the need for powerful resources to deal with large
quantities of locally stored data. This latent functionality would not substitute
specialised MS spectra repositories. It would mostly be a supplementary means of
directly linking analysed spots (or proteins) to spots on remote 2-DE resources, based
on mass spectra similarity. This may help to identify, for example, non-identified
proteins, or to reveal related PTM forms over a gel. To efficiently apply such an
algorithm over a distributed environment would require querying all the remote
databases in parallel.

LII. What to expect next?

Data integration systems are undoubtedly crucial to the success of molecular biology
research. They are the foundation blocks for the success of our aspiration to understand
the many interconnected life science domains. While serving similar objectives,
integration approaches are heterogeneous. The systems differ in their architectures,
their purposes, and their functionalities, providing thus disparate means for data access
and analysis from different perspectives.

Data integration systems will need to collaborate with each other in order to cope
with the increasingly large and complex biological data. To make this possible, there is
a growing need for a federated approach to share data. This approach mainly resides in
sharing similar definitions of concepts and their representations. Unfortunately,
common definitions and semantics amid the different research communities are hard to
define. However, for a few years we have been observing many joined efforts to bring
together different communities, with the intention to define the appropriate semantics.
Such efforts will gradually enhance interoperability between the various data
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integration systems and they will be reflected by a better collaboration between the
various systems.

With the promotion of data exchange standards, we may anticipate that in the near
future, many data integration systems will tend to adopt a mediator and a federated
approach rather than a warehouse approach. This should be supported by technical
progress in network response, and by efficient algorithms to compress semi-
structured/text data (not necessarily native XML, but most likely RDF, which explicitly
describes data semantics). In the meantime, the warehouse approach will still play a
dominant role in systems that need to collect data to generate and store data mining and
analysis results.

For the time being, Make2D-DB II has been recently involved with PROTICdb and

the Proteome Database System in a prospective collaboration effort aiming to pool
resources in gel-based proteomics data management and integration.
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Appendix 1.

APPENDIX I. THE GENETIC MATERIAL

The genetic material

All information necessary to maintain and propagate life is contained within a
linear array of four simple bases.

DNA and RNA

Genetic information, which is present in all organic life forms, is contained within
the genetic material and is transmitted by all living organisms to their subsequent
generations. This material is called the genome and is exclusively formed by
Deoxyribonucleic Acid, the DNA; though, some viruses employ Ribonucleic Acid, the
RNA, as their genetic material. DNA and RNA are macromolecules (polymers) formed
by small units (monomers) called the nucleotides. Those are chemical structural units
consisting of a heterocyclic base (a derivative of purine or pyrimidine), a pentose sugar
(a deoxyribose for DNA and a ribose for RNA), and a phosphate group. There are four
distinct bases in DNA, known as Adenine (A), Guanine (G), Cytosine (C), and
Thymine (T). In RNA, a Uracil (U) replaces the Thymine.

Genes are the fundamental building blocks of genetic material. They consist of a
specific sequence of nucleotides encoded within the DNA - except for some viruses
where genes are encoded within the RNA. In the case of DNA, two linear strands are
maintained together by hydrogen bonds between opposite and complementary G-C on
the one hand, and A-T on the other hand. In consequence, DNA adopts a helix
conformation and forms one or several chromosomes. As a result, a chromosome
groups the genes sequentially and ensures the good functioning of the replication
process and the gene activity procedures. In opposition, RNA is only single stranded.

There are three main processes governing the maintenance and the expression of
genomic information:

- The replication: Maintenance of the identity of the genetic information through a
process of duplicating the DNA code. The genetic information is then
maintained each time a cell divides into two child cells.

- The transcription: Copying of the information into RNA. The process involves
complementarity between the bases and results in the synthesis of single
stranded RNA (a sequence of A, U, G and C). Messenger RNA (mRNA) may
contain coding portions that are intended to be translated into proteins.
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- The translation: Generation of an “active” amino acid sequence (protein) based
on the base sequence contained within the mRNA coding portions.

Figure Appendix - 1: Structure of part of a DNA double helix.’

Proteins

Proteins are the chemical agents responsible for almost each process occurring
throughout a cell life. They play a major role in the regulation of cells’ metabolism, in
the interaction between cells, and are essential for the generation of specific structures.
Proteins are large macromolecules made of amino acids arranged in a linear chain and
adopting specific 3D structures. As already stated, two major steps separate a protein-
coding gene from its protein product: first, the DNA in which the gene resides is
transcribed from DNA to messenger RNA (mRNA), and then this mRNA is translated
into a protein (Figure Appendix - 2).

Amino acids are organic components that are optically active compounds (L-groups)
each carrying four different groups: an amino group, a carboxyl group, a proton, and a
side chain (Figure Appendix - 3). There are 20 distinct amino acids in all living
systemsz, differing only by their side chain composition. This implies differences in
their physical and chemical properties, such as their size, their charge density
distribution, their hydrophobicity, their proton affinity or electronegativity, etc (Table
Appendix - 1). Joined together by peptide bonds — a bond between the carboxyl of one
amino acid and the amine nitrogen of another (Figure Appendix - 4) — amino acids
form the main chain of the protein. Chemical alterations of the amino acids residues
within a protein, called post-translational modifications or PTM are regularly
observed; they result in specific behaviour and conformation of the modified protein.
More than a hundred distinct PTM are already known, e.g., removing of the methionine

! Reproduced under the terms of the “GNU Free Documentation License”.

2 http:/ /en.wikipedia.otg/wiki/List_of_standard_amino_acids
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starting signal, cleavage of other signal sequences, propeptide excision, attachment of
any of a number of biochemical functional groups, such as acetate, phosphate, various
lipids and carbohydrates. In addition, proteins have the ability to associate amid
themselves to form stable and active complexes. Mature proteins travel to their
destination and fulfil their specific function(s) until their degradation. At this point all
their amino acids constituents are recycled over again in the process of new protein

synthesis.

1. Transcription |

nuclectides §F -
fmclear /

Protein svnthesis

A protein is composed of amino acids. Three successive bases in the DNA strand, called a codon, can act
as an instruction for the cell to select a specific type of amino acid. A series of codons instruct the cell to
piece together a string of amino acids to form a protein. The cell knows when to begin and stop coding
for proteins by recognizing special start and stop codons that are within the DNA strand. The mechanism
of protein synthesis is carried out by various molecules, including transfer RNA (tRNA), messenger RNA
(mRNA), and ribosomes, which are complex machineries involving dozens of different proteins
associated with structural RNA (rRNA).

Figure Appendix - 2: Transcription and translation.'

I The graphical part is “Copyright 1999 Access Excellence © the National Health Museum”
http:/ /www.accessexcellence.org/RC/VL/GG/protein_synthesis.html.
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Figure Appendix - 3: Amino acid basic structure.

Figure Appendix - 4: Formation of a peptide bond between 2 amino acids.

Understanding the function of a protein requires knowing how the polypeptide
chain folds up. The chemical reactivity of the amino acid side chains causes a specific
three-dimensional structure (3D), called the tertiary (Figure Appendix - 5). While the
primary structure depends exclusively on covalent bonds (peptide bonds), it plays a
minor part in the formation of the tertiary structure. One important bond that is
especially important for the tertiary structure is the disulfide bond (disulfide bridge),
which occurs between the side chains of two cysteine residues. Ionic interactions,
hydrogen bonds and Van-der-Waals attractions are also present and accountable for 3D
arrangements.

Figure Appendix - 5: 3D structure of a protein (myoglobine).
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A protein varies hugely in length (from 50 up to 30000 amino acids) and may
adopt different configurations, which determine its functions. It can be involved in
many processes, including enzymatic activities, informative messaging, metabolic
regulation, immune system (antibodies), structural material, etc. One protein may have
several independent and specific functional domains. Several proteins may also interact
among themselves, thus forming together a network, called a pathway.

Table Appendix - 1: Amino acids codes and their physical properties.

Amino Acid 3-Letter 1-Letter Polarity Acidity/Basicity Hydrophob. pl  mass (D°)
Alanine Ala A nonpolar neutral 1.8 6.01 71.09
Arginine Arg R polar strongly basic -4.5 10.76 156.19
Asparagine Asn N polar neutral -3.5 5.41 114.11
Aspartic acid Asp D polar acidic -3.5 2.85 115.09
Cysteine Cys C polar neutral 25 5.05 103.15
Glutamic acid Glu E polar acidic -3.5 3.15 129.12
Glutamine GIn Q polar neutral -3.5 5.65 128.14
Glycine Gly G nonpolar neutral -0.4 6.06 57.05
Histidine His H polar weakly basic -3.2 7.60 137.14
Isoleucine lle | nonpolar neutral 4.5 6.05 113.16
Leucine Leu L nonpolar neutral 3.8 6.01 113.16
Lysine Lys K polar basic -3.9 9.60 128.17
Methionine Met M nonpolar neutral 1.9 5.74 131.19
Phenylalanine Phe F nonpolar neutral 2.8 5.49 147.18
Proline Pro P nonpolar neutral 1.6 6.30 97.12
Serine Ser S polar neutral -0.8 5.68 87.08
Threonine Thr T polar neutral -0.7 5.60 101.11
Tryptophan Trp w nonpolar neutral -0.9 5.89 186.12
Tyrosine Tyr Y polar neutral -1.3 5.64 163.18
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Table Appendix - 2: The universal genetic code of translation from DNA to amino acids.

Codon A.Acid Codon A.Acid Codon A.Acid Codon A.Acid
TTT Phe TCT Ser TAT Tyr TGT Cys
TTC Phe TCC Ser TAC Tyr TGC Cys
TTA Leu TCA Ser TAA STOP TGA STOP
TTG Leu TCG Ser TAG STOP TGG Trp
CTT Leu CCT Pro CAT His CGT Arg
CTC Leu CCC Pro CAC His CGC Arg
CTA Leu CCA Pro CAA Gln CGA Arg
CTG Leu CCG Pro CAG Gln CGG Arg
ATT Tle ACT Thr AAT Asn AGT Ser
ATC Tle ACC Thr AAC Asn AGC Ser
ATA Ile ACA Thr AAA Lys AGA Arg
ATG Met* ACG Thr AAG Lys AGG Arg
GTT Val GCT Ala GAT Asp GGT Gly
GTC Val GCC Ala GAC Asp GGC Gly
GTA Val GCA Ala GAA Glu GGA Gly
GTG Val GCG Ala GAG Glu GGG Gly

There are 64 possible combinations. Codons are read on the sense 5’ to 3°. As mRNA is the
template in the translation process, thymine (T) is in fact replaced by uracil (U). *At beginning
of gene, “ATG” signals start of translation.

Alternative splicing

The same gene may code for several proteins differing by their amino acid sequence.
The resulting proteins are named alternative forms or isoforms. The phenomenon is a
precisely regulated post-transcriptional process that occurs before mRNA translation
(Lopez 1998). 1t is only observed in eukaryotes where a gene generates a transcript of
pre-messenger RNA containing sequential regions called introns and exons. The pre-
messenger RNA undergoes a splicing process, also called “maturation”, during which
introns are excised (removed) while exons can either be concatenated in the mature
message or targeted for removal in different combinations. The resulting sequence is
called a CDS (CoDing Sequence). Sequence rearrangements depend on the cell type
and state, the surrounding conditions and many other regulation factors. The
reconnection of exons leads to various new mRNAs to be translated into different
protein isoforms. This process cancels the old theory of “one gene one protein”. It is of
great importance in species evolution, as it raises dramatically the efficiency and the
flexibility of the encoded information.
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APPENDIX II. MASS SPECTROMETRY

Mass spectrometers can be divided into three fundamental parts, namely an ion
source, an ion analyser, and an ion detector. ESI and MALDI techniques are soft
ionisation methods that produce little fragmentation of the ionised peptides. ESI relies
on the direct ionisation of the peptides from solution. It can therefore be interfaced with
liquid separation methods. ESI produces a spraying of an electrically generated fine
steam of ions directed into the inlet of the mass spectrometer. In the MALDI technique,
the sample is mixed with a special matrix acting as a proton donor. The matrix interacts
with the peptides and forms with them crystalloid structures. Those structures are then
exposed at their surface to UV laser pulses, giving them enough energy for evaporation.
The peptides, successively detached from the matrix, are ionised before reaching the
inlet to the spectrometer. The use of laser in MALDI is responsible of the generation of
packets of ions, rather than a steady stream, which shall be “trapped” on the analyser
part of the spectrometer. Contrary to ESI, MALDI ionisation generates only singly
charged ions. Traditionally, MALDI was used to analyse 2-DE separated proteins in
combination with time-of-fly mass analysers (TOF). A small quantity of material is
consumed, which is adapted to the quantity of material that may be contained within a
spot, especially when repeated analyses are needed. The produced spectra are also
easier to interpret, due to the exclusively singly charged ions produced at the source
level. Alternatively, ESI is well adapted for liquid-phase solutions and offers a better
option for high masses exceeding the range of MS sensibilities, given the fact that the
mass-to-charge ratio (m/Z) is lessened when Z > 1.

When the ions reach the analyser part of the spectrometer, they are separated
according to their mass-to-charge ratio (m/Z). There are several types of analysers in
use in proteomics mass spectrometry, but the most common are:

- lon traps (IT): An ion trap is a combination of electric or magnetic fields that
captures ions in a device, a tube, under vacuum. lons are “trapped” in a time
varying electric field, and oscillate at frequencies related to their mass-to-charge
ratio. By varying the field parameters, ions are excited and ejected sequentially
from the opposite tube end.

- Time-of-flight (TOF): In this analyser, the particles undergo a high positive
voltage pulsed with a certain rate. While fragments with no charge pass their
way with no deviation, the field repels the similarly charged fragments and
sends them down the perpendicular TOF tube to the detector at its end. Ions
react proportionally to their mass-to-charge ratio, with the lighter ones
travelling the TOF tube faster than the heavier ones. The time spent by the
different fragments is recorded, and quantification of the ratio is rendered.
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- Quadrupole (Q) and Quadrupole ion trap (QIT): Quadrupole analysers consist
of four parallel metal bars with opposing pairs electrically connected together.
A radio frequency voltage is applied between one pair of bars, and an opposite
voltage is applied on the other pair. An additional current voltage is
superimposed on ions travelling between the quadrupoles. For a given ratio of
voltages, only ions with a specific m/Z ratio will reach the detector, while other
ions adopt an unstable trajectory and end up colliding with the bars. Variation
of the voltages allows the scanning for different m/Z values. Quadrupole ion
traps are a variation of quadrupoles operating with an additional ion trap.

- Fourrier transform ion cyclotron resonance (FT-ICR): Based on the cyclotron
frequency of the ions in a fixed magnetic field. The ions rotate around a
magnetic field with a frequency specific to their m/Z. Variation of the applied
field results in changes to the frequency of rotation, which are measured and
converted using Fourrier transformation.

TOF and FT-ICR are widely used in whole protein analysis. For digested peptides,
QIT and TOF (generally combined with a MALDI source: MALDI-TOF) are the most
commonly used instruments.

The final element of the mass spectrometer is the detector. It records the charge
induced or the current produced when an ion crosses it or hits its surface. The detection
produces a mass spectrum, a record of peptides intensity as a function of m/Z. This
spectrum may provide sufficient information to search a sequence database using just
several values of the revealed masses: this is called Peptide Mass Fingerprinting, or
PMF (Figure Appendix - 6). Some additional features, like knowledge of potential
post-modifications, are sometimes necessary. If the database search is not fruitful or is
not deterministic (non catalogued or uncharacterised protein, inaccurate data, difficulty
to distinguish between several entries in the database), then further information is
required. A Tandem MS study offers the possibility to determine the amino acid
sequences of individual peptides contained in the digest mixture. Further database
searching can then be carried out.
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Figure Appendix - 6: PMF, an experimental spectrum, and an identification workflow at the
Geneva University Hospital'.

Candidate protein sequences extracted from a database are digested in silico according to protease specificity.
Theoretical MS spectra are constructed and compared to the experimental MS spectrum, leading to a similarity
score for each candidate protein. The candidate proteins are then sorted according to their score. The top-
ranked protein is considered as the identification of the spectrum.

Tandem mass spectrometry (tandem MS or MS/MS) consists of several steps of
mass selection, fragmentation and analysis. A tandem mass spectrometer begins by
achieving a first MS analysis step where it measures peptides according to their m/Z
ratio. Specific ions are then selected and fragmented sequentially (parent or precursor
peptides). Resulting fragments are then separated and analysed in a second step. This

! Couttesy P. Hernandez, SIB / Geneva.
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can be achieved by connecting in series different analysers (“in space” tandem MS,
e.g., Q-TOF, or TQ / triple quadrupole), or by performing consecutively the two steps
within the same analyser (“in time” tandem MS, e.g., QIT). For example, in a “in
space” tandem MS, we may have one mass analyser to isolate one specific peptide
entering the spectrometer. A second analyser shall stabilise the peptide ions while they
collide with a gas that causes them to fragment by collision-induced dissociation (CID).
Finally, a third analyser shall collect those induced fragments.

Spectra obtained by tandem mass spectrometry contain series of peaks that originate
from different fragmentation positions in the precursor peptide sequence (Figure
Appendix - 7). Tandem MS spectra are a raw signal that is primary processed into a
generic peak list. Processed spectra include the parent peptide, as well as a list of peaks
corresponding to the diverse fragments that have been produced within the
spectrometer. This is a key property of MS/MS spectra, since information about the
peptide sequence can be deduced from the mass differences between peaks (e.g., De
novo sequencing, peptide fragment fingerprinting) (Mann, Wilm 1995).
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Figure Appendix - 7: An annotated MS/MS peak list spectrum.1

Based on knowledge of amino acids masses and their most common modifications,
information about the peptide sequence can be deduced from peak differences. Non-
annotated peaks may originate from unconsidered ion types.

! Couttesy P. Hernandez, SIB / Geneva.
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In all these approaches, proper handling of mass spectrometric data is critical for the
quality of the final interpretations. Peptide and/or fragment signals have to be extracted
from the original mass spectra with as little noise as possible. Masses are then
compared with their theoretical values calculated from protein or genomic sequence
databases. Appropriate scoring functions are applied to evaluate the accuracy of the
matches. Let us notice though that interpreting a mass spectrum is not a linear or a
straightforward process. Understanding of the used technology, the potential type of
ionisation and fragmentations undergone by the peptides, the likely chemical alterations
of the proteins, and many various factors is crucial for a high quality interpretation.
Many free and commercial tools dedicated to MS identification, differing in their
approaches and algorithms, are available for researchers (Blueggel et al. 2004). As
multiple MS/MS identification algorithms are available or have been theoretically
described, difficulty resides in choosing the most adapted method for each type of
spectra being identified. Finding the right tools among the many possibilities offered
may be a challenge (Hernandez et al. 2006; Lisacek 2006). Besides, with high-
throughput identification data (e.g., with LC-MS/MS), looking at a single spectrum at a
time may undermine a treasure of information, e.g., differential expression. This type of
additional information may be grabbed by considering the entire set of spectra all
together; an approach is carried out using image analysis (Palagi et al. 2005).
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APPENDIX III. A SURVEY ON THE DEVELOPMENT
OF A PROTEOMICS DATA INTEGRATION SYSTEM

Developing a data integration system involves generally a methodology based on the
following stages (Lacroix, Critchlow 2003a):

- Collection of specifications and requirements

- Conversion of the specifications into a technical representation
(designing)

- Development process

- Deployment, evaluation and reconsideration of the system

Although these are indeed the key stages, they should be considered as a guideline,
and not strictly as a fixed plan to follow. No stage has to be strictly complete before the
next one starts (Schmuller 2004). Throughout the different stages, the project manager
may often feel the need to reconsider some preceding phases for many reasons, among
which the evolution of requirements, real-world technical inconveniences or new and
unsuspected ideas that would benefit to the system.

The specification and requirements

The very first phase when designing a data integration system consists in collecting
a set of requirements that have to be definite and unambiguous. First, it is essential to
acquire a reasonable knowledge and a good understanding of the domain of concern. It
is also imperative to know exactly who the users of the system are. What may they
expect from such a system, or what they can be offered to assist them in their work?
What kind of functionalities the system will put forward and how they will be
presented? It is also important to investigate on the expected technical performance of
the system, as well as on the available human and financial resources that will cover up
its implementation.

User Profile

First, it is important to define what we might call the “user profile”. By “user
profile”, we mean the description of who are the target users as well as the knowledge
and experience they are supposed to have. It is very important to precisely specify the
level of “computer literacy” target users are expected to have, as it will be determining
in the choice of the methods thanks to which they are going to interact with the system.
Having defined the user profile, the various tasks to be performed by the system are to
be listed and analysed. Those consist of what is commonly called “use cases”: How and
for what purpose will a user effectively utilise the system? What are the available data
sources that should (and can) be integrated? How users will formulate their queries and
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what will be the extent of these queries? What is the format of the output? And so on.
One particular challenge for bioinforamticiens in answering those questions remains the
speed at which biological knowledge is evolving and the ever-changing requirements
that accompany this evolution. This is during this same phase that early outlines of the
data model are to be conceptualised.

Technical requirements

Technical considerations are one factor that will determine pure practical aspects of
the system: the platform(s) the system will work on, the storage capacity, the efficiency
with which the system will handle communication and integration overheads, etc.

Operational constraints

Operational constraints depend on both the financial and personal resources
available for the project. An interesting survey on the subject is given by Birney
(Birney, Clamp 2004).

Converting the specifications into a technical representation

At this point, we have to cope with the system optimisation taking into account the
hardware constraints for data management when adopting the predefined specifications.
Here, we also have to take in consideration the maximisation of the system’s efficiency
and the minimisation of its resources’ cost. As an example, regarding a storage costs,
we may decide which integrated items are to be materialised (using a warehouse
approach) and which ones are to be only collected at query execution time (using a
mediator approach). Those choices deeply depend on the purpose for which the system
is intended. For example, a warehouse strategy is a more appropriate choice for a
curation system in which some integrated components may be locally modified or re-
annotated, while for integrated components that should be strictly up-to-date the
mediator approach is more suitable.

The development process

This part can vary enormously in time, depending on the used techniques and the
experience skills of the developers. It includes repeated loops constructing and testing
the code. User interfaces are also built and connected to the code to test their
functionality. In parallel, the technical documentation is written as well as the user
manuals.

Deployment and Evaluation

A working system is then deployed on the appropriate hardware and integrated with
the cooperative systems. Backup and recovery strategies are also set up. The system is
evaluated in order to check if it fully performs as it is supposed to regarding its
specifications. The performance is estimated in time (pre-processing time, query
response time, etc.) and space (used memory, caching, etc.) costs, a task that may often
imply the use of a set of benchmarks. User survey and feedback are also necessary to
estimate users’ satisfaction. Evaluation may often lead to augment or adjust the initial
specifications.
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The evaluation criteria

Criteria to evaluate a running integration system may be regarded from both the
implementation (computer science) and the user (biological) perspectives (Lacroix,
Critchlow 2003b). The criteria covers a wide range of issues and may be applied with a
certain degree of flexibility, as their definitions may sometimes overlap or be slightly
formless. Tradeoffs should be taken to balance the needs of the target users:

The implementation perspective

It consists in appreciating the system from a technical point of view driven by user
requirements. For this perspective measurement, cost models are typically taken into
consideration.

- Efficiency: A combination of query efficiency (ability to respond to user
queries), data storage size, communication overhead (data transfer,
frequency of commands executed remotely, potential timeouts) and
integration overhead (complexity of the transformation performed on
source data) define the overall efficiency of the system. Efficiency is
evaluated for the pre-processing step and for the response to a query.

- Extensibility: This is a measurement of the efforts needed to extend or
increase the system functionalities. The bigger the proportion of data
materialisation, the higher the cost of extension will be.

- Functionality: This reflects the number, the type and the complexity of
the queries the system can perform on the data.

- Scalability: The amount of data, number of users and number of data
sources the system can handle simultaneously.

- Understandability: This is the clarity of the system design. It directly
influences the time required by a developer to add or modify
components, especially developers not involved in the original design.

- Usability: This evaluates the easiness with which a user becomes
familiarised with the system functionalities. It also includes the ability
of some user to modify the system behaviour and capabilities.

The user perspective

It is the users’ points of view on the same aspects of the system. It reflects the
overall satisfaction of the users regarding the system.

- Efficiency: Evaluated by the ability of the system to perform queries in
a reasonable time.

- Extensibility: Characterises the efforts needed by a user to customise or
add new types of queries or data, to extend the resources and to modify
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some parameters. A low requirement in programming skills often
denotes a good scale of extensibility.

- Functionality: This, of course, reflects the different types of queries
offered by the system. But it also reflects how those queries can be
combined to form new ones, to answer more complex questions, and
how answers can be sent to other third-party tools (i.e., sending the
output as an input for other programs). Generic systems and systems
allowing the formulation of a diversity of queries are well rated.

- Scalability: In addition to the same attributes as those described in the
implementation perspective, biological researchers are more and more
concerned with the ability to perform batch queries (several sequential
queries, as opposed to a single query at a time). Whenever a researcher
needs to precede many queries in a large-scale process this criteria
becomes really vital.

- Understandability: Users need to fully understand the meaning of the
queries they are performing and what they exactly do (e.g., for a
keyword search query, what part of the data is being searched). All the
semantics used by the interface and within the presented data should be
clearly defined and unambiguous. This point has to be considered with
special care for systems providing global views originating from various
integrated sources, as the latter may have semantics that differs amongst
them.

- Usability: Proposing intuitive access to the system enhances usability.
Interactive and visual interfaces are well adapted when users are not
familiar with the system. Developers may conceive additional parallel
alternatives for more experimented users, (e.g., command line interface,
shortcuts, etc.). In the majority of situations, a good usable system
should never assume or require its users to be or act as “programmers”.

Tradeoffs are unavoidable. They highly depend on the original requirements. Some
of the previous criteria may be mutually exclusive. The inclusion of many resources
(scalability) and semantic consistency (usability) are obviously contradictory. A system
that necessitates presenting the most up-to-date data will probably opt for a non-
materialised mediator approach, raising by the same occasion its extensibility. In fact, it
may suffer a decrease in efficiency because of the extra time needed to contact non-
local resources. At the same time, as the heterogeneity and the number of remote
resources considerably affect the whole performance — a very common issue in biology
areas — many bioinformatics systems tend to be more domain-specific rather than
widely generic.

Ultimately, one should be aware that the overall evaluation is typically a subjective

issue that tightly depends on specific users’ requirements and that it can profoundly
vary between researchers.
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APPENDIX IV. UML

The Unified Modelling Language

Definition

In system development projects, the Unified Modelling Language (UML) is a visual
tool that bridges the gap between the vision of a system and its implementation. It helps
capturing the vision of a system and then enables to communicate this vision to
someone else. Many available works help conferring an overview of the basic elements
of the language, e.g. Schmuller’s “Teach Yourself UML” (Schmuller 2004). For an
exhaustive documentation on the subject, one may refer to the “Unified Modeling
Language Resource Page™, maintained by the Object Management Group and the
UML consortium, and where UML specifications, tutorial and tools are supplied.

Readers of the present document should not consider our use of this language as an
inflexible and one rigid manner to portray our models. In our opinion, there should
never be any obligation to strictly stick to a specific notation. Our goal is to transmit the
ideas and designs we adopted. Any agreed on conventions that can completely and
unambiguously describe a specific system and that are able to communicate it are
perfectly suitable. Actually, we will use some of the basic elements from the current
UML 2.0 specifications, and we will notify the reader whenever any altered or hybrid
annotation is being used.

We should distinguish between a model annotated with UML and the true
implementation of a system. Indeed, the model shows what the system is supposed to
do and how it should behave, but it does not tell how to implement the system. UML
annotations consist of a number of graphical elements that combines by using definite
rules to form diagrams. Thus, a diagram is a partial graphical representation of the
system's model. Actually, many distinct diagrams are suitable for various
representations. Each of them is in fact a specific point of view about the system in
hand, but, as in real life, many points of views may overlap and be complementary,
diagrams are permitted as well to mix and to become hybridised. We will list here some
diagrams that we will be using - separately or mixed - in our document. However, we
will first define some familiar object-orientation notions that are adopted in UML.

Uhttp:/ /www.uml.org/
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Many of these notions are also directly applicable to the class diagram representation,
a diagram that we will broadly use throughout this document.

Object-orientation concepts and related UML elements

Objects and Classes

The UML allows designers to build easy-to-use and easy-to-understand models of
objects. An object is an instance of a class. The latter is a category or a group of
“things” that have the same attributes (properties) and operations or methods
(behaviours). For example, ProteinEntry may be a class representing protein entries.
All proteins falling in this category share the same type of attributes; they all have an
accession number, a description text, some related genes, a primary sequence, etc. An
operation may be attached to the Entry class to compute, for example, the molecular
weight of the protein’s primary sequence, and another operation to remove any starting
signal from the provided sequence. By convention, class names are written with their
first character uppercase, while attributes and operations — which are called features of
the class - are not. Operations are assimilated to functions and their names are thus
followed by a pair of parenthesis. Generally, all the names are written in a multiword
that runs all the words together, with each non-initial word beginning with an uppercase
letter. Examples are ProteinEntry for a class, proteinDescription for an attribute and
removeSignal() for an operation.

The UML class is represented by a rectangle divided into 3 parts, the top one
containing the class name, the two others bellow listing the class features. Features’
names are preceded by a ‘+’ sign (public, visible everywhere), by a ‘- sign (private,
only visible to the class itslef) or by a ‘#’ sign (protected, only visible to the class itself
and any derived class).

ProteinEntry

+ accessionMumber s varchard {PK}
+ description ; text
+ primanySequence ; text (MOT MULLY

+ seguencehwd ; float
- removeSignald ;void

Note that, as we have chosen to present our relational model implementation using a
class diagram, we have adopted many relational systems’ related terms in our
attributes’ definitions. At the same time, classes will themselves be essentially
assimilated to the physically implemented relations (the relational tables).
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An attribute name is followed by a colon followed itself by the attribute’s data type.
In our case, data types are:

Type Description

char(n) A fixed-length string of n characters

Character varying. When n is given, this means the string may have any length

varchar(n) between 1 and n

text A string attribute of any length. More commonly known as a string type

int Integer, small-range integer or large-range integer may be précised by short and
long

serial Auto-incrementing integer

float Numeric type with user-specified precision (if given between parenthesis)

date or timestamp ~ Date or date and time type

boolean A boolean type with 3 possible states (true, false or unknown)

type[ ][ ]..[ ] or A data type may be defined as variable-length multidimensional array. The
ArrayList dimension is given by the number of brackets’ pairs following the data type

Conditions on the attributes are given between braces “{condition}”. We choose to use
for our conditions any of:

- {PK}: The same sense as the ‘Primary Key’ in relational representation.
Instantiation of the attribute must be unique and defined.

- {FK}: The relational ‘Foreign Key’ definition, which means the
attribute references another class(es)’ primary key(s).

- {Unique}: Instantiation must be unique but not necessarily defined.
- {Not Null}: Instantiation must be defined but not necessarily unique

- {Check: boolean condition}: More specific conditions, e.g., { Check:
attribute = 2 or attribute = 3 or attribute = someFunction() }.

An attribute may also have a default value, which is given after an equal “=" sign, e.g.,
“description : text = my default description text”.

Operations, being assimilated to functions, return a value (which may be a void value).
The type of the returned values is directly given after the operation’s name. Whenever
the operation name is written in italic in the operation compartment, this indicates an
abstract operation, which is an operation defined, but not implemented by an abstract
superclass. The operation must be implemented by all concrete descendant classes.

We have already defined an object to be an instance of a class. In our previous

example, in the Entry class, an instance could be protein <P12345>. To name this
instance, we attach the object name to the class it belongs to using a colon, and we
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generally underline the whole designation, e.g., P12345:Entry. Every object has a
specific value for every attribute given by the object’s class. This value can be either a
defined or an undefined (Null) value.

F123445 : ProteinEntry

accessionMumber=FP12345
description = Aspartate aminotransferase
primarySequence = SEWNAH. Sk

It is also possible to have anonymous instances. An anonymous instance of
ProteinEntry is simply labelled . ProteinEntry.

Modelling with object-oriented concepts

Use of objects in modelling brings with it all the objects’ related aspects. The most
important are:

Abstraction

Abstraction means simply to filter out the many properties and operations of an
object until only the ones we need are kept. This will greatly depend on the purpose of
the object itself, and on how it is going to be used. For example, for people working
with different spectrometers within one group, it may be important to know the mass
spectrometer serial number, while it will be of no use to anyone outside the group.

A mass spectrometer serial number, for example, is important to know for people
working with different spectrometers within one group, while it will not be of any use
to any one outside the group.

Inbheritance

In the world of object-orientation, classes may inherit all the attributes and
operations from another class. This is called inheritance in object-oritentation or
generalisation in UML, an ‘ is a Kind Of" relationship. The inheriting classes are then
considered as subclasses of the superclass. Subclasses can independently add their own
attributes and operations, or even redefine the inherited ones but without affecting their
superclass. As an example, IdentificationMethod may be the superclass of the
subclasses TandemMassSpectrometry, AminoAcidComposition and Microsequencing.
These three subclasses share together all inherited features from their common
superclass. At the same time, they individually add attributes and operations specific to
each of them. Subclasses are related to their superclass using a pointed array line.
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IdentificationMethod

+ experimentlD ; int
+ identifiedProtein : varchard
- experimentalisthlame : text

+ generateldentificationReport ; text
kN

Microsequencing

TandemMassSpectrometry AminoAcidComposition
- mzDatalocation ; text - apparatus ; text
- processedPeaks ;| ArravList - precision ; float
+ generateldentificationRepont( © text + generateldentificationRepont( © text

Polymorphism

An operation may sometimes have the same name in different classes. In the given
inheritance example, genralldentificationReport() represents an operation that
generates a text report describing the identification process. The method is inherited as
is by the Microsquencing class, but it is redefined to proceed differently in both the
other two subclasses (this is why we write down the method name in these two
subclasses). To obtain an identification report, one only needs to perform the “same”
operation on any of the different identification classes to obtain the corresponding
output report. This is called polymorphism.

Encapsulation

Encapsulation means that an object can hide what it contains and what it does from
other objects (and from the outside world). At the same time, the object needs to
present a “face” to the outside world so it can perform some operation when another
object is asking for it. To give an example, let us consider the
TandemMassSpectrometry class as defined in the inheritance example above. We have
chosen to make all the attributes private (symbolised by a ‘-’ sign) within the class.
This means that all these attributes are hidden outside of the class. Meanwhile, the
operation generateldentificationReport() is public (preceded with a ‘+’ sign) so that
any other object can ask for the identification text report without caring about what’s
inside the class. If, for some reason, the class is modified - for example if we choose to
provide all the mzData content instead of just giving a file path — only the operation
will have to be adapted. The other objects will not be aware of any such inner
modification. GenerateldentificationReport() acts as an operation that the
TandemMassSpectrometry class may present to the outside world through some
interface. To make use of an interface, the requiring objects will need to send a specific
activation message that the interface is capable of interpreting and proceeding. We will
see later in this section how interfaces are effectively presented in UML.
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Associations

Objects are typically related to one another in some manner. We may for example
define a class called Ge/ containing all the attributes related to the 2-DE gel itself. Now,
when we define another class, the class Spot, to capture the properties related to the
spots, we recognise that each spot is located on a specific gel, which itself is defined as
a Gel object. There is obviously a relationship between a Spot object and a Gel object;
this is called association. This is represented by a simple line linking two classes.
Unless specified, navigation is bi-directional. Whenever the association is limited to
just one direction, an arrowhead pointing to the direction of traversal is adorned at one
end of the association line (in the relational schema representation, we will not need to
explicitly represent navigation directions).

Multiplicity indicates the number of objects in one class that relate to a single object
of the associated class. In our Gel / Spot example, a spot should refer to a unique gel
whereas the gel may contain any number of spots. This is called a one-to-many
association, and is represented by a ‘1’ at one end and a ‘0..*’ at the other end of the
association line, the ‘0..*’ telling that a Gel object may contain any number of spots
ranging from zero to infinity. We may also give a list of all possible values separated by
commas, ‘1,3,7” meaning for example that only a multiplicity of those three values is
authorised.

Spot Gel

0.* 1

In the relational model, a many-to-many association cannot be implemented in practice
without using an intermediate table. For example, we may have a class for authors and
another class for papers. One author may write several papers, while a paper can be
written by several authors. The following association:

Author Paper

Tk T

Is then implemented in a relational schema by:

Author AuthorPaper Paper

1 g i 1

Here, we create AuthorPaper objects that reference each a unique author and a unique
paper. Reciprocally, an author or a paper may be referenced by any number of
AuthorPaper objects. In a relational schema, AuthorPaper is called “junction table”.

For a many-to-many association, we may prefer to emphasise the visualisation of the
model in a better manner. This can be done using association classes. In fact, an
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association can have attributes and operations, exactly like any other class; it can also
have associations to other classes. The next illustration shows the use of an association
class in the same example as previously given:

Author Paper
|

s |

|
{ordéred}
|

AuthorPaper
+ authorRank : int=1 {MOT MULLH=0}

- setialisefAuthorBankd ©waid

0.*
1

Referenceview

Here, we show the AuthorPaper association class making the junction between the
Paper and the Author classes. An attribute, authorRank, defines the author’s rank in the
authors’ list and is part of the class features, along with the operation
serialiseAuthorRank(), which ensures that authors’ ranks are serialised (1,2,..). We add
the role {ordered} to indicate that some sequence ordering is being applied. We also
see how AuthorPapaer can have associations with any other class, like being
referenced by a ReferenceView class responsible for building reference views. We may
notice that we used the optional navigation arrowhead for the association between
ReferenceView and AuthorPaper to explicitly point out that the former gets information
from the latter, but not the other way round.

Aggregation

An object may be composed by a number of different types of components. A
protein entry in a 2-DE database may for example contain a unique identified protein,
any number of identified spots (at least one) and any number of related publications.
This is a © has a ° (and reciprocally ¢ part of ’) relationship. We represent these
aggregation associations by using a diamond head on top of the associations:

Entry2D

1 17 0.1

Protein Spot Paper
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A stronger type of aggregation is the composition type. It occurs in situations where
the component only exists within the composite object. For example, this document is
composed, let us say, of an introduction, 4 to 8 chapters and a conclusion. Each of these
components can only exist within this specific document. We may also include a
French or a German summary (but not both at the same time):

Athesis should not
exceed 1000 pages! - - _ _ _ | ThesisDocument

! 4.8 | i 1] {an} !

Introduction Chapter Conclusion FrSummary Grsummary

We use a filled diamond head this time to highlight the composition character. We also
introduced two new annotations here. One is the constraint implying that the
composition should contain a FrSummary or a GrSummary, but not both. Constraints
are written within braces. The second annotation is the note that we attached to the
ThesisDocument class and which can contain any textual comment.

Stereotypes

A stereotype is not an object-orientation concept, but rather a UML feature that permits
the creation of new concepts or symbols. Stereotypes are placed on existing UML
elements and are presented enclosed in two pairs of angle brackets. This notion is
indeed used with interfaces’ representation. An interface can be considered as a class
that has only operations but no attributes. Instead of using a new element for interfaces,
we commonly use a stereotype, like in the following example:

=zjnterface==
GetEntry

+ GetProteinData)) | texd
+ TextOubout) - lext

+ HTML DUt - et

+ XL Okt - et

Interfaces and Realisation

This brings up the discussion back to interfaces. You do not implement the
operations in an interface class. A class that implements an interface implements each
of the operations defined in the interface class. In other words, the interface class
provides no method bodies for the operations it defines; the class that implements the
interface provides method bodies for each of the operations defined in the interface.

The relationship between a class and its interface is called realisation. Several
classes may “realise” the same interface, and a single class may also realise several
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interfaces. At the opposite side, a class that activates an interface — by sending it an
appropriate message — generally falls into a dependency relationship towards this
interface. We get back to our previous example on identification classes that
implements the public operation genralldentificationReport(). This operation can now
be declared in some interface called, for example, GetldentificationReport. All the
identification classes should realise this interface. A class that contains, for example,
materialised views' of 2-DE entries can rely on this interface to get the identification
reports, and thus it depends on it. There are two ways for representing this in UML, the
full and the elided notation.

The full notation uses for realisation a similar symbol similar to the one used in
generalisation, except that the line is dashed. Dependency is also represented with a
dashed line but with an arrowhead pointing to the interface:

Microsequencing |~~~ i Entry2D
! 1
, i
'- v
AminoAcidComposttion |- - - - A
=<interface==
GetdentificationReport

+ generateldentificationReport) | text

TandemMassSpectrometry f-----

The more recent elided notation represents the interface by a circle that is called a “ball-
and-socket” symbol:

Entry2D
Microsequencing
AminoAcidComposition
GetdentificationReport
TandemMassSpectrometry

In this document, we will generally use the first notation whenever an interface is
introduced for the first time, and the second notation for any further illustration
including the already introduced interface.

I A materialised view in the relational world is a concrete table, as opposed to a virtual view. Materialised views offer more
efficient access, but at the cost of being potentially out-of-date. Due to their physical materialisation, we can consider
them in modelling as full-fledged classes.
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Diagrams

Class, object and package Diagrams

In the Unified Modeling Language, a class diagram is a type of static structure
diagram that describes the structure of a system by showing the system's classes, their
attributes and their operations or methods. Associations and relationships between the
classes show how the different classes are related. This type of diagrams is perfectly
appropriate for describing data structure and implementation design, but it is also very
helpful in problem analyses. A class diagram, when adapted for, can also fit perfectly to
portray a relational schema, and this is why we have opted to use it in rendering our
database structure. Actually, relational data structures are quite commonly designed
using the Entity-Relationship (ER) method, a non-UML representation that is meant
for relational implementations (Chen 1976). However, the logical relations between
objects may not be always obvious using such a method. We prefer to emphasise the
logic of these relationships in our representation using class diagrams, and, when
needed, some ER elements. Full technical implementation details will be accessible
though through external Web links that we will give when necessary.

An object diagram simply shows how instances of classes are linked together in an
instant of time (like in a snapshot). We have already introduced in the previous sections
many of the elements that are employed in such diagrams, the class and the object
diagrams, but we have not introduced packages yet. Although it is considered that
package diagrams can support most of the many diagram types, we have chosen, for
simplification purpose, to only introduce it in conjunction with class diagrams. A
package, as its name implies, is designed to group the elements of a diagram.
Graphically, it is a tabbed-folder surrounding elements that can be logically grouped
together. A package has a name, which becomes the namespace of the grouped
elements. Consequently, to reference an element within a package, we simply designate
it by PackageName::PackageElement; this is called a fully qualified name, e.g.,
IdentificationPackage::Microsquencing.

IdentificationPackage |

ldentificationMethod
A

Microsequencing

AminoAcidComposition

TandemMassSpectrometry

Packages may contain other packages. Besides, they can relate to one another in
three different ways: Through generalisation (a package can inherit from another one),
through dependency (package elements may depend on the elements of another), and

XXVI



Appendix IV. UML

through refinement (a package refines another when it contains the same elements but
with more details). The first two relationships use the same symbols we have already
used with classes, while the refinement employs a dependency symbol supplemented
by the stereotype <<refine>>.

Dependency ofthe Entniew Refinement of a
Facakge, containing all elements docurment draft
to generate entry wiews, on the by expanding its
identification packange details
| I i
| | I
: ldentificationPackage : -
i 1 ThesisDraft
I I
’ ) | A
: | : ==refing==1
| i i i
| | | I
I | : |
' __1 Entniew [ Thesis

A subsystem is a set of elements, which is a system by itself, and a part of the whole
system. It is considered both a package and a classifier (a category grouping several
elements that have some common features). We could have grouped the
IdentificationPackage elements inside a subsystem instead of a package due to the
similarity of their features (and as a consequence of the generalisation they all get from
their superclass). Subsystem notation is slightly different from the package one:

]

ldentificationSubsystem

Use Case Diagram

Use case diagram is a description of a system’s behaviour from a user’s standpoint.
The user himself is represented by a little stick figure called actor (an actor is not
necessarily a physical person, but rather a defined role). Use case actions are
represented by ovals. As an illustration, here is a very simple use case diagram
presenting the users’ perspectives when installing, updating and using the Make2D-DB
II tool:
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Installing
Make2D-DE I

Provide data S H D
/ Systen] Boundary

] p dat
i Access Web

server

Biologist

%fﬂ,/

] Y —:'l
N . cepdnd== <<|nﬁgd&}>
Bioinformatician| ? A Install DB
I ‘\\J
Install tool if
first use

Install Weh

Server
A use case diagram is noticeably self-explanatory. The different actors have well
defined roles, but they may also perform the same use cases. A use case may include
another use case using the stereotype <<include>> on a dependency symbol. A use case
may also be extended by another one, using the stereotype <<extend>>. Conditions for
the extension can be described in the extended use case.

Update Make2D-DB Il

Extension Points
Priorto update

User

p > ==|ncLuEie>>

Component Diagram

As its name indicates, a component diagram contains components, along with
interfaces and relationships. This type of diagram is especially useful to show how the
constituents of a whole or of a subsystem interact together. A component is a modular
part of a system that is strictly logical. It can perform operations and can provide
interfaces to other components. Components are autonomous and they define a
system’s functionality, by contrast to data files, documents, executables or dynamic
libraries that are all pieces of information called artefacts that a system uses or
produces'. An executable, for example, is the implementation of a component, just as a
component is a logical “implementation” of one or more classes.

Component diagrams are useful because they provide a high-level, architectural view of
the system. The idea is that we should easily be able to reuse or substitute any
component implementation in a design because a component encapsulates behaviour
and implements specified interfaces.

! Until UML version 2.0, artefacts were frequently considered as components, which have led to much confusion among
modelers.
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To illustrate this idea, let us think of a concrete example. We want to stock all mass
spectra peak lists in a very simple repository that — for simplification purpose — only
stores the different spectra peaks and gives each list a unique identifier. We may
module this by a plain class that we call MassSpectraPeaks. This class has an operation
that reads the processed spectra, and provides an operation that output the peak list
values:

MassSpectraPeaks

+ spectralD :int
+ peaklist : ArraylList

+ readProcessedSpectral) woid
+ outputPeakList]) : ArravList

At that point, we make the decision to implement our model using a relational database
implementation. This implementation must be able to read the processed files (being
themselves artefacts) and to provide an interface that output peaks lists (e.g., using SQL
queries). This is the autonomous component that reflects the logical implementation of
our system:

: PeakListRepository 3 |

ReadProcessedSpectra SOL-interface

We may decide to physically implement our component using any suitable relational
database management system, e.g., a PostgreSQL or an Oracle implementation. This
can be shown by a dependency relationship stereotyped <<implement>> between the
component and the implemented artefact. The implementation choice should never
affect the logic dictated by the component.

We may choose, in a further step, to link our component to another component, a
viewer, which gets a spectrum identifier, generates a SQL query and then graphically
displays the spectrum. The physical implementation of such a viewer may also be made
in any appropriate language.

O: FeakListRepository & O} Wiewer =

ReadProcessedSpectra : S0L-interface .
|
- A
I i
zzarefact== {:implelment}: ——————— : GetSpectralD
FrocessedSpectra | :
| ==jimplemant==
A4 \
==artefact== ==artefact==
postgreSaL Java awt
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A component can inherit from another component and may contain inner components
as well.

Deployment Diagram

A deployment diagram shows how the artefacts, already presented as components’
implementation, are deployed on system hardware. The elements used in deployment
diagrams are nodes (embodied by cubes), artefacts and associations (links). Outer
nodes are devices, while inner nodes indicate execution environments (operating
systems, language interpreters, etc.) rather than hardware. In addition to classic
associations, elements may be related through generalisation and dependency
relationships or communicate through interfaces.

ExPASY \Wab Server

Perl Interpreter ‘

Database Server At SIB

postgreSGaL Daeman
Apache HTTP Server

<<attefact== T

5 i etwark intercannecfon
Hutman 2-DE Database Project e

SWISE 2-DE Web Interface
N\

=<artefacts= ] || Y | E—— = :

Ecoli 2-DE Database Project <<deployment spec=> &
Configuration Files

MNote: Our modelling program does not follow the new UML specifications making
an explicit distinction hetween companents and artefacts. tonly allows Lsing
components elements within a node. To avoid any confusion due to the
component notation on the upper right corner of the elements, we have explicitly
added the stereotype ==artefact== .

We have chosen to portray a fictive installation of two instantiated artefacts of Make2D
relational databases installed on a specific database server (an instantiated node) that
are accessed by the implemented query interface of the same tool installed on another
specific Web server. We also see that it is possible to designate an artefact that provides
parameters for another artefact using the stereotype <<deployment spec>>; this is what
we have employed with the 2-DE Web interface in the same example.

Activity Diagram

An activity diagram is designed to illustrate what happens during an operation or a
process. Activities are symbolised by a rectangle with rounded corners. When an
activity is completed, a transition to the following activity occurs, which is represented
by an arrow pointing to the next activity. Activity diagrams have a starting point (a
filled-in circle) and an endpoint (a bull’s eye). Whenever a decision must be made, the
path is split into two (or several) mutually exclusive paths, each with its own condition
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written between brackets. A diamond is used to state that a condition has to be taken
with the possible paths flowing out of it. Concurrency is represented with a solid bold
line perpendicular to the transition with the paths coming out of it. The same kind of
line is used to merge the concurrent paths together. Activity’s input and output can be
specified using small boxes over the transition. In addition, any activity process should
be able to send signals to other processes; this is indicated by a convex polygon for the
transmission event, and a concave polygon for the reception event.

We display here a simplified activity diagram representing the process of launching
the Make-2D-DB II tool. This part schematises, for illustration purpose, the checking of
the provided data (if any), the integration of some external data, and the construction of
the relational 2-DE database:

The remote
o activity could
Remate activity have been totaly
ahstracted here
| A=signal sending== T
i Return data 5
: o [provided data]
I
| Collect data
I
I
. . _ Check data [0 data]
i ==zignal receipt=» &
: Get external data : "error message”
: : [error] istheinput/
: ! output hetween
i | | errr message r “ |Check data and
: e e e e e Display error
L
! i
I
! : Dizplay errar I
: =gighal sending== |- Select external
: Get external data [~ | resources
I
| \/
:__} =signal receipt== Process
Feturn data external data
Frocess
local data

Canstruct DB

Merge data

An activity diagram can easily be made hybrid by incorporating elements from other
diagrams. For example, it can incorporate actors to show who does what, or objects that
perform some operations.
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We find it suitable to incorporate some standard flowchart elements within an activity
diagram, even though flowchart elements are not UML elements. This will offer a
much expressive visualisation of the activity details:

Connectar

D‘ﬁﬁ~
&

Server Machine

Internal Disk Database
Storage

Seqguential Access Sl

Before concluding this appendix, it is important to insist on the fact that this
summary was not intended to exhaustively depict UML notations. We have for
example skipped all dynamic and time-dependent representations, e.g., state and

sequence diagrams. Our intention was only to portray the elements that we will be
using throughout this document.
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APPENDIX V. RELATIONAL DATABASES

And the PostgreSQL ORDBMS

Relational databases

To present the relational model, relational databases and the SQL
language is beyond the scope of the present document. There are many
printed publications and Web tutorials covering these subjects, and the
reader is welcome to consult them for more details. This appendix intends to
summarise some of the terms that we are using throughout this manuscript,
and to present some of the aspects of PostgreSQL, the database management
system we have adopted for our project.

A database can be assimilated to a collection of related files. How those
files are related depends on the model used. Early models relating files
included the hierarchical model (a parent/child relation between files), and
the network model (an owner and member relation). The relational database
model was invented in 1970 by Codd' (Codd 1970). This was a significant
advance, as it allowed files to be related by means of a common field. To be
related a pair of files only needs to have in common one or several fields and
that makes the model extremely flexible.

Relational databases are built in a Relational Database Management
System: RDBMS. The most common definition of a RDBMS is a system
that presents a view of data as a collection of rows and columns not based
strictly on relational theory. The majority of popular RDBMS products do
not necessarily implement all of Codd's 12 rules. Almost all RDBMS
employ SQL, the Structured Query Language, as their query language. SQL
is based on relational algebra. It is an ANSI and ISO standardised computer
language used to create, retrieve, update and delete data from relational
databases. An introduction to SQL is available at the w3schools Web site”.

! http://en.wikipedia.org/wiki/Relational_database
2 http:/ /www.w3schools.com/sql/default.asp
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Components

Strictly speaking, a relational database is a set of relations, commonly
known as tables, in addition to other items that help to organise and structure
the data.

Relations or tables

A relation, represented by a table, is defined to be a set of tuples (a finite
and ordered sequence of distinct objects) having all the same attributes. A
table is therefore organised in rows and columns, like in the following

example (Table Spot).
, At utes(colu\,
tuples
(rc},jws) 'flble spotlD | pl Mw | identified | identifiedProtein
x opot (serial) | (float) | (int) | (boolean) (varchar)
tuple 100 5.50 | 22300 True P12345
1
tuple 101 6.50 | 32500 False Null
2
tuple 102 7.89 | 40000 True P34567
3
tuple
n

In a relational database all data is actually stored as relations. The term
relavar is the “relation variable” which is physically schematised by a table.
Some relvars do not have their data stored in them but are the outcome of the
application of relational operations to other relvars. These relavars are then
called “derived relavars”, or simply views. At a certain level, derived relvars
are not strictly considered as part of the relational model.

Constraints

Restrictions on the kinds of data that can be stored in the relation are
called constraints. They are formally defined in the form of expressions that
result in a boolean value.

Data domain

Data domain may be considered as a constraint, in the sense that it defines
the set of possible values for a given attribute. In the Spot table, the p/ float
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attribute should be limited to the numeric data domain between 0.00 and
14.00 not included, and Mw should be only positive.

Defined values and uniqueness

Some attributes should be defined, meaning that they should be given a
value; a Null value being an undefined value, constraining an attribute to be
defined is represented by the constraint {Not Null}. For example, Mw in the
Spot table has a {Not Null} constraint. At the same time, some other
attributes, if defined, should be unique in their relation; this is represented
by the constraint {Unique}. A gene alias for example should be unique in a
Gene relation but does not have the {Not Null} constraint. Whenever an
attribute has both constraints, it falls in what is known to be a primary key.

Keys

A key i1s a kind of constraint that implies that a tuple, or part of the
information it contains, is not duplicated in a table. This is achieved in a
relational database using a Primary Key constraint {PK}. In the Spot Table,
spotID is indeed a primary key. Each spot (a tuple) must have a defined and
unique value for this attribute. A primary key may also be composed of
several attributes, each of them having to be defined. Only the combination
of these attributes has to be unique. In a Person relation, where we may
define two attributes firstName and FamilyName, a primary key would be
the combination of both the two attributes. Several people may be of the
same family, and several people may share the same first name as well, but
two persons should never have exactly the same first name and family
names.

Foreign keys

A Foreign Key {FK} is a reference to a primary key in another table. The
referencing tuple has, as part of its attributes, the same value(s) of a key in
the referenced tuple. Foreign keys may reference defined {Unique}
attributes as well as {PK} attributes.

More constraints

In the Spot table, Mw must be a positive value, which is expressed by
{Check: Mw > 0}. We have also intentionally included the attribute
identified, which tells if a spot has been identified or not. It seems logical
that a non-identified spot should not present any protein in its
identifiedProtein attribute. We can express such a constraint by the boolean
expression: {Check: identified is True OR (identified is False AND
identifiedProtein is Null)}. Constraints may contain also functions,
procedures or operations in the boolean expression. If, instead of the
attribute identified, there was a function that returns a boolean value telling
whether or not a spot has been identified, we would employ a constraint of
the form {Check: hasBeenldentified(spotID) is True OR identifiedProtein is
Null}.
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Rules, stored procedures and triggers

A rule in a database is a way to rewrite some specific SQL queries, or to
automatically add some additional SQL instructions to an initial one. An
example would be to automatically switch a flag attribute to ON whenever
some relevant information has been modified. The switch of an
annotationChanged attribute to ON within an EntryVersion tuple whenever
some specific annotations found in other tables and related to the Entry tuple
are modified represents a concrete illustration of a rule.

Stored procedures are executable code associated with the database. The
RDBMS may offer the possibility to perform some “complex” operations
using one or several programming languages or scripts. Procedures are
assimilated to functions. They may operate with some specific input
parameters and they always return a value of a definite data type. Stored
procedures may perform many kinds of common operations, among which:

= Simple control operations, e.g., hasBeenldentified(spotID) : boolean
= Statistical operations, e.g., numberOfldentifiedSpots() : int

= Select operations, e.g., selectAllldentifiedSpotsSinceDate(Date)
record/table

» Update operations, e.g., updateProteinEntryView(accessionNumber) :
boolean

Besides, a procedure may execute another procedure, and may even generate
and compile code for new procedures.

Triggers are activation processes that are associated with some function
or procedure and that are “fired” before or after a specific operation is
attempted on a tuple. In insert, update or delete operations, triggers can “see”
any potential old and new attribute value, which is very convenient when
having to perform some special operations depending on data substance. For
example, we may want to fire a trigger associated with a function, which
increments a protein entry version by 1, if, and only if, some specific
attributes are modified and that their new values are different from the initial
ones.

Indexes and sequences

Indexes, based on one or several attributes, are used to improve
performance when accessing tables. They help to reduce the scanned subset
of tuples. Although it is the optimiser - the process responsible for setting up
the best query plan to adopt — that decides whether to use a relational index
to access data, it is up to the database manager to build up the appropriate
indexes that will improve performance. RDBMS provide different indexing
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methods, among which the B-tree (a tree data structure) and the hash table
(keys/values association) methods.

Sequence objects are special single-row tables that help to generate
automatically ordered attributes’ values. Sequences are usually used to
generate unique sequential identifiers for a table’s rows. The special integer
data type serial, used above with spotID, is an example of the use of a
sequence to generate automatic identifiers.

PostgreSQL

To physically realise and manage our data model, we needed a stable
database management system that offers extended capabilities in
implementing stored procedures, and in using slightly complex data types.
Besides, the system had to be free of charge, our main condition in the
choice of the component.

PostgreSQL1 is an open source ORDBMS (Object-relational Database
Management System) developed at the University of California®>, and
running on all major operating systems. PostgreSQL is not controlled by any
single company, but it relies on a global community of developers and
companies to develop it.

In fact, it would be more correct to consider PostgreSQL as a
conventional RDMBS enhanced with a layer simulating object-oriented
characteristics. These characteristics are:

Object Identifier (OID): each tuple (object) has a unique identifier
within the same table and this identifier is independent from the tuple
content. Tables containing rows have also a table object identifier.

» Inheritance: Tables can be set to inherit attributes and behaviours from
a parent table. Data is then shared between parent and child(ren)
table(s). Yet, some of the constraints are not currently inheritable.

= Complex data types: In addition to the multi-dimensional arrays, users
can create their own complex data types.

= Large objects: PostgresSQL has a facility to store binary large objects,
also known as BLOBs, such as graphical and XML files. Objects are
then manipulated using their OIDs. However, portability of BLOBs
is not supported.

Uhttp:/ /www.postgresql.org/
2 Copyright © 1996 — 2007 PostgreSQL Global Development Group, under the BSD license
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An overview of the main differences between Object-oriented Database
Management Systems (ODBMS) and RDBMS is summarised in the

following table:

Aspect Object-oritented Relational

Data accessibility permanent data stored data

Entities objects (classes) normalised relations

(tables)

Identifiers object identifiers (OID) primary keys

Data structure complex data types atomic attributes

Functionality object behaviour procedures, rules,
(operations, methods) triggers, functions

Modelling object type relational schema

Inter-dependency inheritance, encapsulation,  independence of
polymorphisme relations

Integrity / risky good

concurrency

Speed performance very high average

Specifications’ low high

stability

A few non-commercial ODBMS have been offered only over the last couple
of years. Before this, the non-availability of functional free of charge object-
oriented systems was one of the main reasons why we did not consider the
possibility to adopt an object-oriented database approach for our project.

Adpantages using PostgreSQL

Being reasonably stable, PostgreSQL has a number of significant advantages
- related to our work - when compared to conventional RDBMS (e.g.,
MySQL"):

» It runs stored server-side procedures in more than a dozen
programming languages, including Java, Perl, Python, Ruby, Tcl,
C/C++, and its own PL/pgSQL?, which is a procedural language
similar to Oracle's PL/SQL.

= [t has a rich set of native data types available to users. The most
important are: arbitrary precision numbers, variable-length character
texts, multi-dimensional arrays of any data type (unfortunately with
very limited capabilities to exploit the arrays). It has as well a set of
pseudo-types like the “any” (indicating that a function accepts any

! http:/ /www.mysgl.com/

2 Make2D-DB 1I uses
(http:/ /www.postgresql.org/docs/8.2/interactive/ plpgsql.html)

PL/pgSQL

extensively
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data type), and “record” (for a function to return an unspecified row
type). Users may also add new complex types.

= [t extends standard constraints’ expressions using “{Check boolean
expression}”.

= [t introduces namespaces for objects through schemas’ repartition.

* [t optimises many management features, including user-defined
indexation of tables and ensures integrity with MVCC (multi-version
concurrency control). It also performs statistics for -efficient
execution plans of queries and for garbage collection.

PostgreSQL also offers extended capabilities to work with regular
expressions, which is very convenient in analysing data and in
assembling human readable views.

There are also many library interfaces (APIs) allowing various languages,
both compiled and interpreted, to interface with PostgreSQL. There are
interfaces for Perl (DBI), Java (JDBC), ODBC, Python, Ruby, C, C++ and
PHP to name the most common of them.

A significant drawback, which mainly originates from our extensive use of
server-side procedures, is the need to cope with any specifications’ changes
between PostgreSQL public releases. Adaptations of our code were
sometimes necessary to deal with some of the critical specifications’
changes.
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APPENDIX VI. THE INSTALLATION PROCESS

Screenshots / shell captions

Information regarding the tool using the <help> option (a truncated shell caption):

Perl make2db.pl -help
MAKEZ2DB (1) User Contributed Perl Documentation MAKEZ2DB (1)
The Make2D-DB II Package ( version: 2.50.1 / September 2006
Before, launch:
createlang plpgsqgl templatel --pglib "/pgsgl/lib path"
initdb -D [DB path]
postmaster -i -d 1 -D [DB path] > [DB path/server.log] 2>&l &
Execution:
perl make2db.pl -<m> [option]
where option is one of:

config -> Set up the configuration..

check -> Check the syntax and the consistency of your database..

check-report -> Same as 'check', except it does not stop on major

errors..

create -> Create the relational schema for a database from
scratch..

transform -> Combine the 'check', the 'create' and the 'server'
options..

update -> For both updates of the schema structure and the
database..

server -> This option can be used independently if you wish to

host an interface to query others remote databases
without even having your own database. It is also to
be used when some errors are encountered due to
invalid permissions while moving some of the
files to the HTTP server. The script can then be re-
executed with this option to only set up the HTTP
server files.

e.g: ' perl make2db.pl -m transform '

If you want to specify another path for your configuration files to be
read

or written (not the default one),

use the switch '-c' followed by by the new path:
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ex: perl make2db.pl -m config -c your path here

A shortcut to run a default configuration process without any special

choice
perl make2db.pl -m config default
For help (diplays this text):
type 'perl make2db.pl -h' or 'perl make2db.pl --help'
To exit this manuel, press the letter 'g'
AUTHOR

Khaled Mostaguir, khaled.mostaguir@isb-sib.ch

ACKNOWLEDGEMENTS
An evolution of the make2ddb package concepts (Christine Hoogland and
al) .
2006-09-25 perl v5.6.1 MAKE2DB (1)
(END)

Running the tool with the <config> option (a shell caption):

perl make2db.pl -m config

*** Make2D-DB II Package - version: 2.50.1 (04-Sep-2006) ***

[The Configuration File Generator - version: 2.50]
* You are about to set up the configuration files for the Make2DB-DB II tool *
Two files can be set up:
- include.cfg : configuration parameters for the instllation of the database

- 2d_include.pl: configuration parameters for the the WEB server

Please, choose between setting up your configuration files for a new database
installation, or changing the parameters of an already running WEB server:

--> [1] New Installation

--> [2] Changing a Running Server Parameters
--> [3] Generate a new maps' file

--> [4] Exit

2> [1]

* Prepare your configuration files for a new installation *

Please, choose between reading the default setting values from the default
configuration files, provided with the tool, or from your very last personal
configuration files.

You may also configure only a Web portal, to contact other remote interfaces,
without necessarily providing any personal data.

--> [1] Default configuration files

--> [2] Last personal configuration files
--> [3] Configure a Web portal

-—> [4] Exit
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Running the tool with the <transform> option (a shell caption):

perl make2db.pl —m transform
*** Make2D-DB II Package - version: 2.50.1 (04-Sep-2006) ***
--- Date: Mon Oct 15 18:02:39 CEST 2007

Perl version: This is perl, v5.6.1 built for 1i386-linux
Lang: en US.is0885915

System: Linux mordor.expasy.org 2.4.23 #1 Tue Dec 23 09:22:28 CET 2003 1686

[option: -m transform]

--- Database official name: 'Test Database'
--- Database postgreSQL name: 'test database'

Updating the Cross-Reference list from the ExPASy server..
Updating the Swiss-Prot tissue list and aliases from the ExPASy server..

Extracting annotation from maps / from text/xml reports in progress...

No flat file yet. Your data is assumed to be in tabulated (spreadsheet) format

or in Melanie XML generated files.

The following files are being analyzed and translated to build a flat file
ending with a 'spot data' section:

-- /home/world-2dpage/test database/FIGUREL.txt

-- /home/world-2dpage/test database/FIGURE2A.txt

Flat file automatically generated!

Do you want to examine or edit the new generated flat file (to add, for
example, some extra annotations or cross references)?
Type 'yes', otherwise press <RETURN> to continue

Importing mapping methods definition into the new database...
Now checking the flat file structure, syntax and consistency...

**UniProtKB/Swiss-Prot - Swiss-Prot --
...Checking entry P00277
...Checking entry P00350

Connecting to the Newt database to retrieve taxonomy data (please, be
patient) ...
..... Taxonomy Retrieval Performed!

Connecting to the ExPASy SRS server to retrieve external data (please, be
patient) ...

WARNING: one of your UniProtKB accession numbers (P31059 / TaxID=83333) has
been demerged!!

[1] POA7CO; P31059; P97542; [TaxID:83334] {Escherichia coli 0157:H7.}

[2] POA7B9; P31059; P97542; [TaxID:217992] {Escherichia coli 06.}

[3] POA7B8; P31059; P97542; Q2M8M8; [TaxID:83333] {Escherichia coli (strain
K12) .}

assigning the following UniProtKB entry for P31059 => POA7B8
..... SRS Retrieval Performed!

Connecting to the ExPASy server to retrieve external links for computable
maps...
..... Computable Maps Retrieval Performed!

Your DataBase file has been checked with success!
You can check the file 'last STDOUT.log' for a detailed report:
' /home/world-2dpage/Make2D-DB II/temp/last STDOUT.test database.log'

Ready to start the 'test database' DataBase Construction and to upload your
data into it.
Press 'RETURN'! (ctrl-C to abort)
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The relational database implementation using the <transform> option (a truncated shell caption):

Now Creating your new Database...

Creating a new postgreSQL user named 'select2d' to query the database without
owning it...
< Press 'RETURN' to continue >

SCHEMA CREATION correctly performed!
SCHEMA USAGE correctly granted!

Loading functions...
SET

CREATE FUNCTION
COMMENT

Functions properly uploaded.

Constructing the referential tables...
SET
CREATE SEQUENCE

CREATE TABLE will create implicit sequence "xrefdbparent xrefdbcode seq" for
"serial" column "xrefdbparent.xrefdbcode"

CREATE TABLE / PRIMARY KEY will create implicit index "xrefdb pkey" for table
"xrefdb"

CREATE TABLE / UNIQUE will create implicit index "xrefdb xrefdbname key" for
table "xrefdb"

NOTICE: merging column "xrefdbcode" with inherited definition

CREATE INDEX

CREATE TABLE

COMMENT

Database tables structure properly built.

Adding userstamp and update columns on each table...
NOTICE: merging definition of column "userstamp" for child "xrefdb"

Setting up the log (backup) part...
Log (backup) setting properly built.

Loading triggers...
SET

CREATE FUNCTION
COMMENT

CREATE TRIGGER
COMMENT

Triggers properly uploaded.

** Loading your DATA into the referential tables... **

INFO: wvacuuming "core.tissuesp"

INFO: "tissuesp": found 1148 removable, 1148 nonremovable row versions in 27
pages

INFO: "tissuesp": moved 1120 row versions, truncated 27 to 14 pages

INFO: index "tissuesp pkey" now contains 1148 row versions in 15 pages
-- TissueSP table is being treated...
-- TissueSP table has been filled in

Writing the general database related data to the appropriate table...
Loading done.

Uploading functions to update/alter some internal data related to external
ones...

SET

CREATE FUNCTION

COMMENT

Internal data update functions properly integrated (not yet performed).

Loading full entry view functions and tables (materialized views)...
SET
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CREATE FUNCTION
COMMENT

Full entry views functions and tables properly loaded.

Update Internal Data And Construct VIEWS:

NOTICE: Entry construction in progress...

NOTICE: Analyzing tables...

NOTICE: CREATE TABLE / UNIQUE will create implicit index
"buffer make2db reunit refs referenceid key" for table
"buffer make2db reunit refs"

NOTICE: ...entry P00816 is processed
NOTICE: ...entry P09394 is processed

NOTICE: Full Entries Table has been constructed/updated!

NOTICE: Protein list in progress...

NOTICE: Protein Lists are being now processed for each Map. Please wait!...
NOTICE: ... Protein lists for the different maps are still in progress...
NOTICE: ... FIGUREl is being processed

NOTICE: Data Updates Performed With Success!
Database Internal Data Updated and Views Constructed!

Performing database displayed statistics...
Database statistics performed!

Session information inserted into the 'Make2DDBTool' table.

Updating entry views for version update...
NOTICE: Entry construction in progress...
NOTICE: ...entry P00816 is processed

Database Conversion has been properly performed.

SCHEMA public revoked from PUBLIC.
granting 'select2d' SELECT rights on common.Database

Copying indexes to public schema...
creating index (CREATE UNIQUE INDEX release pkey ON release USING btree
(releasenum, subrelease))

Export To Public Data:

NOTICE: Entry construction in progress...
NOTICE: Analyzing tables...

NOTICE: ...entry P00816 is processed

NOTICE: Full Entries Table has been constructed/updated!
NOTICE: Protein Lists are being now processed for each Map. Please wait!...
NOTICE: ... FIGUREl is being processed

NOTICE: Data Updates Performed With Success!
Database Public Export Performed With Success!

Analyzing Database to ensure optimal performance. Please, be patient as this
may take some time...

Analyze performed with success!

Database Installed!






