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INTRODUCTION

A glance at recent history:

The year 1992 is the 10th anniversary of the existence of Community R&D programmes
in Biotechnology. Indeed it was in 1982 that the pioneer programme for Biomolecular
Engineering (BEP) was launched to help developing, through integrated transnational
efforts, the tools needed to bring molecular and cellular biology applications to
agriculture and agrofood industry. While (only) 103 laboratories participated in BEP,
some 262 laboratories were initially included in the ensuing Biotechnology Action
Programme (BAP 1985-1989). To further reinforce the Community R&D effort in
Biotechnology and to enable Spanish and Portuguese laboratories to join the activities,
the BAP programme was revised in 1988, bringing the overall number of laboratories to
378 (with the 116 new contracts, signed after the revision, covering the period 1989-1990).
At present, in the framework of the BRIDGE programmne, as many as 579 laboratories
are engaged in transnational collaborations.

A different way to look at the amplification of the EC effort in biotechnology R&D over
the past 10 years would be to focus on the size of the budgets allocated. The conversion
into yearly expenses is not straightforward but a reasonable indication sterns from two
extreme figures: 2 million ECUyear in 1982 compared with about 55 million ECUfyear
in 1991. A decade has been, therefore, sufficient to witness a quantative change by more
than an order of magnitude.

BRIDGE:

The current programme BRIDGE (Biotechnology Research for Innovation, Development
and Growth in Europe; 1990-1993) with a budget of 100 Million ECU and implemented
with the help of CAN-BRIDGE (see table, p. xm), covers the following research areas:

Information Infrastructure - Processing and analysis of biological data

Enabling Technologies - Protein design; molecular modelling;
biotransformation; genome sequencing;

Cellular Biology - Industrial microorganisms; plants and associated

microorganisms; animal cells;
In vitro evaluation of the activity of molecules;
safety assessment of GMO’s.

Pre-Normative Research

The corresponding research activities are conducted in BRIDGE via two types of
projects: N-projects and T-projects.

The N-projects (N for Network) are built upon the previous successful BAP experience
with the European Laboratories Without Walls (ELWW). Basically the N-projects are
carried out by groups of European laboratories (on average 5.6 per project) which,
through complementary and highly integrated approaches, are devoted to the removal
of specific gaps in knowledge and know-how. Although still limited to a fraction of the
lifetime of the N-projects (in most cases about one year out of three) the progress
reports in the following pages provide sound illustrations of the "plus value" resulting
from those integrated approaches.



The T-projects (T for Targeted) aim at the removal, through significant investment of
skills and resources (on average almost 30 laboratories and 100 staff per project), of
important bottlenecks resulting from structural and scale constraints. Seven T-projects
are implemented in BRIDGE:

- Sequencing of the yeast genome.

- Molecular indentification of new plant genes.

- Biotechnology of lactic acid bacteria.

- Industrial lipases.

- Regulation of plant cell regeneration.

- High resolution automated microbial identification.
- Animal cell technology.

The two latter T-projects, which were the subject of later calls for proposals and
therefore only started after Autumn 1991, are not covered in this 1992 report. For the
remaining 5 T-projects, the reader will have an opportunity in the following pages not
only to appreciate the progress achieved but also the kind of underlying specific
organisational arrangements required to carry on such large and complex projects with
an abundance of interacting partners. A monitoring unit with representatives of the
contractors, of the CAN-BRIDGE and of the Commission is attached to each of the T-
projects to help in the implementation and to facilitate communication both internally,
within the project, and externally with, for instance, industrial platforms. These are open
independent structures, called upon the initiative of the industries and interested in the
research carried out in a given T-project. They communicate freely with the contractors
and, in certain cases, dissect results with a view to identifying laboratories suitable to
carry on further work (on the basis of direct and independent arrangements) on specific
aspects with a potential for industrial applications.

Finally, two novelties introduced in BRIDGE and shared by all specific programmes
under the IIrd Framework Programme of Community R&D activities need to be
underlined:

- Closest ties with EFTA countries - Although not funded by the EC, laboratories
from EFTA countries participate in the different projects: 17 laboratories from
5 EFTA countries are collaborating in BRIDGE.

- Decentralisation - Project coordinators are now responsible for integrating the
work and stimulating the interface between laboratories participating in the same
project. Their role already instrumental at the level of preparation and
submission of proposals to the Commission also covers, once a proposal is
selected and thereafter implemented, several other administrative and scientific
duties.



The progress reports in the following pages, for instance, have been prepared by
the different project coordinators who have centralised and integrated the
information provided by the partners in the project. In this respect, the
Commission Services wish to thank all the participants and, in particular, the
project coordinators, for their valuable contribution.

D. de Nettancourt,

Head of Division Biotechnology.
Directorate-General for Science,
Research and Development.

Further reading:

On ELWW:
E. Magnien, A. Aguilar, P. Wragg and D. de Nettancourt. (1989) Biofutur, November, 17 - 30.

On BAP:
Biotechnology R&D in the EC. Catalogue of BAP achievements - (1990). A. Vassarotti and E.
Magnien eds, Editions Scientifiques Elsevier, Paris, 242 pp.

Biotechnology R&D in the EC. Catalogue of BAP achievements on Risk Assessment for the
period 1985 - 1990. (1991) L Economidis ed, Printéclair, Brussels, 92 pp.

Biotechnology R&D in the EC. Catalogue of BAP achievement on Protein Design/Bioinformatics
for the period 1989 - 1990. (1992) B. Nieuwenhuis ed, Office for Official Publications of the EC,
Luxembourg, 96 pp.

On BRIDGE:

Biotechnology Research for Innovation, Development and Growth in Europe (1990 - 1993).
Catalogue of contracts with project descriptions. (1992) B. Nieuwenhuis ed., Office for Official
Publications of the EC, Luxembourg - II, 346 pp.

The T-projects of BRIDGE, a new tool for technology transfer in the Community. (1991) D. de
Nettancourt, Agro-Industry Hi-tech, April, 3-9.

Many additional publications on training, sectorial activities, specific projects and other Biotechnology
related issues have been produced by the Division Biotechnology of DG XII. To receive an updated listing
please write to:

Dr. D. de Nettancourt,
CEC, DGXII - F2,
Rue de 1a Loi 200,
B-1049 BRUSSELS,
Belgium.



COMPOSITION OF THE COMMITTEE OF
ADVISORY NATURE FOR BRIDGE

CAN BRIDGE

BELGIUM

J. De Brabandere
J. Hutschemackers
(N. Nolard)

(M.C. Lenain)

(V. Lories)

(B. Lebegge)

DENMARK

L. Kjargaard
O. Norén

(1. Petersen)
(T. Kjems)

FEDERAL REPUBLIC OF
GERMANY

R. Wandel

E. Warmuth

(H. Autzen)

(H. Lang)

(S. Kieffer)

GREECE
C. Goulas
L. Margaritis

SPAIN

A. Albert

J. Ramon Pellon
(M. Candela)

(S. de 1a Concha)

FRANCE

P. Printz

(S. Béranger)
(M. Lelong)

() Substitutes or experts

IRELAND
L. Donnelly
J. Ryan

Italy

A. Albertini
M.G. Sadurny
(G. Magni)

LUXEMBOURG
P. Decker

THE NETHERLANDS
W. Harder

K. Planqué

(JJ. Dekkers)

PORTUGAL

F.J. Carvalho Guerra
J.M. Novais

(A. Xavier)

UNITED KINGDOM
R. Dietz

E. Linton

(C.G. de Grouchy)
(M.E. Nugent)
(D.G. Lindsay)

COMMISSION
H. Tent
D. de Nettancourt

SECRETARIAT
E. Magnien



BRIDGE

N-PROJECTS






AREA: A
INFORMATION INFRASTRUCTURE

PROCESSING AND ANALYSIS OF BIO(TECHNO)LOGICAL DATA
(from page 5 to page 37)

CULTURE COLLECTIONS
(from page 38 to page 46)






Title

Continuation of the expanded services
of the EMBL Data Library.

Contract number BIOT CT-910254
Official starting 1 March 1991
date
Coordinator Graham Cameron, The EMBL Data Library, Heidelberg, Germany
Participants The EMBL Data Library
Obijectives set for During the reporting period we planned four releases of the databases on
the reporling magnetic tape and CD-ROM as well as the continuous updating of the copies
period at EMBnet nodes and accessible via our Fileserver.
Work was also planned to improve the efficiency of production systems to
cope with faster data throughput and to take account of requirements
generated by genome scale sequencing with automated sequencing machines.
Also anticipated were meetings of the European Advisory Committee and
the International Advisory Committee, as well as a gathering in Japan of the
collaborating databank groups (the EMBL Data Library, GenBank, DDBJ).
Major problems 1.  European network performance has often limited our ability to keep
encountered EMBnet nodes up-to-date, and required labour-intensive ad hoc
interventions in the automatic procedures.
2. The Gulf War resulted in travel restrictions for some of our American
collaborators which postponed the preceding collaborative meeting,
with this in mind the collaborative meeting planned for February 1992
has been put off until May.
3. The European Advisors did not meet in August 1991 as planned, but held
a meeting before the meeting of the international meeting in March 1992.
Results Increased data throughput has been the most striking recent development in

the Data Library. Hardware and software developments and refined data
processing procedures meant that at the end of 1991 we were entering data
three times faster than at the start of the year. The four releases planned
during the year were successfully delivered.

The nucleotide sequence database grew by about 50% in 1991 to over 75
million base pairs and is now over 80 million base pairs. The growth is
summarised in figure 1.

Data management

Major new investments in hardware for the Data Library have included the
purchase of a MicroVAX 3100 as a database server and six DECstation 2100
RISC workstations. This resulted in huge savings on software licenses and
made available the better user interfaces possible with the workstations.
This, with software developments using a new version of ORACLE, resulted
in substantial productivity improvements. Porting of our major applications
to a client/server environment based on workstations and the MicroVAX
during 1992 should give even better performance.



Size in Megabases
s

1986 1908 1990

Year
Figure 1. Nucleotide Sequence Database growth

Data Distribution

Quarterly releases of the databases continue to be distributed on magnetic
tape and CD-ROM. CD-ROM has now comfortably overtaken magnetic tape
as the distribution medium of choice, and the number of customers continues to
increase. Some new indices have been added to allow user software to
efficiently access the databases on the CD-ROM. A collaboration with
Oxford University Press resulted in several additional databases described
in the Nucleic Acids Research 1991 Sequence Supplement being distributed on
the EMBL CD-ROM.

Fileserver

The EMBL file server continued to be popular, with requests for SWISS-
PROT sequences and Brookhaven structural data increasing dramatically
and, of course, the constant flood of requests for latest nucleotide sequences
and the free molecular biological software. More than 170 programs are now
available.

The Mail-FastA database searching service is in increasing demand, with an
average of more than 30 searches per day. Unfortunately the less
computationally-intensive Quicksearch service has not proven as popular
and it will probably be replaced by the equally efficient and more widely
accepted BLAST algorithm.

A useful by-product of rapid availability of the data is that we receive more
feedback and input from researchers who will, for example, notify us if
journal publications contain data we have not yet released.

EMBnet

EMBnet continued to flourish with the 15 nodes receiving daily updates.
EMBnet is funded under a separate BRIDGE contract.

Data from genome projects

In 1991 the Data Library incorporated the first data from major genome
sequencing projects. Both the European yeast chromosome 11l and the British
C. elegans sequencing projects submitted data in the course of the year.



Sequence data in patents

Persistent discussion with the European Patent Office (EPO) into ways in
which sequence data included within patent applications can be rendered
public scems to have borne fruit. [t is hoped that in carly 1992 a contract can
be finaliscd whereby the EPO provide the financial resources for the
database work to be carried out at EMBL. The backlog of data should be
made publicly available via the usual means during the coming year.

Patent applications with their first priority in the USA will be processed by
the NCBI, with whom data will be exchanged.

Sequence Analysis Research
Rapid sequence comparison

The EMBLSCAN tool which was developed in 1990 to rapidly locate
databasc entries similar 10 a new sequence was enhanced for distnbution on
our CD-ROM as well as being incorporated into the normal production
procedures of the Data Library. This helps to match published sequences and
submissions and avoid duplicate entries in the database.

Multiple sequence alignments

Higgins' CLUSTAL multiple sequence alignment program, which has become
something of a standard, has been completely rewntten in collaboration
with Alan Bleasby (Daresbury, UK). A single, menu driven program called
CLUSTALV was produced which runs on a wide range of computers. Many
new features were added, including the ability to align old alignments with
cach other and the calculation of phylogenetic trees.

The tree in figure 2, from Waters e al (1991), was calculated using
CLUSTALYV and shows relationships between the tRNAs of six species of
Plasmodium, the organism that causes Malaria.  The tree is based on genelic
distances calculated from small-subunit TRNA sequences. Bootstrap condi-
dence limits are shown under cach grouping in the tree. The mam conclusion
from the trec is that P falciparum, the most serious cause of Malana in hu-
mans, is related to the species parasibising birds.  This arose from a lateral
transfer cvent, where a parasite changed host between birds and humans,

Acanthamoeba (oulgioup)

P bergher (rodant)
——E P vivax (imian)
__//_. 1000 P kragie (numan)

- pr—————mm P [alCipatum (hum:in)

P
536

P. luphurae (avain)

999

1000

P galnaceum (avain)

beecbbrabd  « 5%, divEIGGNCE

Figure 2. A phylogenetic tree of six Plasmodium species derived from
SSU rRNA sequences. Branch lengths are proportional to eatimated
sequence divergences Flgures below each grouping show boolstrap
confidence limits from 1000 bootstrap samples.



Simultaneous Database Access

In 1991 Peter Sibbald joined the group as an independent researcher. His first
project is to explore using multiple databases simultaneously. It is becoming
clear that databases are already and will become even more distributed.
Updates to those databases are going to be more frequent and the compiexity
of the data stored will grow.

This work has received support in equipment contributions from the Digital
Equipment Corporation as part of their Scientific Innovators Program.

Highlights/
milestones

We have now seen the first data from major genome sequencing projects
entering the database and began to face up to the challenges that this poses.

Wider
considerations

Improvements in the efficiency of the EMBL Data Library enable it to
provide convenient access to a comprehensive collection of sequence data.
Today's database, however, at 80 million base pairs, is less than 3% of the
size of a human genome (20% of the data are human). Efforts to sequence the
human and other genomes will have profound effects on the scale and
complexity of the database task. Increased understanding will make the
information useful in diverse areas, resulting in rising demand for the Data
Library's services and a need for innovative solutions in new application
areas. The Data Library must have the stability to provide good services
today and the resources and vision to develop the services of the future.

Cooperative

International advisory committee

The fourth meeting of the International Advisory Committee for Nucleotide
Sequence Databases took place in Washington March 1991, and the fifth in
Heidelberg in March 1992.

International Collaborations

GenBank/DDBJ — The collaboration with the GenBank and DNA Database
of Japan (DDB]) groups and daily data exchange between these groups
continued, with the annual collaborative working meeting being held in
Heidelberg (24-28 June 1991). The main topics of the meeting were the
feature table and more detailed aspects of common annotation conventions.
The National Center for Biotechnology Information (NCBI) — From October
1992 NCBI will manage the GenBank project. With this in mind we did
much in 1991 to solidify the collaborative links with NCBI, both through a
formal agreement between the two organisations, and through informal
interactions. Three of the EMBL staff paid a one week visits to NCBI in the
course of the year to discuss practical aspects of the collaboration such as
editorial standards and data exchange mechanisms.

The Martinsried Institute for Protein Sequences (MIPS) — The collaboration
with MIPS, the European partner in the PIR international protein sequence
database continued. EMBL forwards protein coding nucleotide sequences to
MIPS and the protein and nucleotide sequence databases pursue a co-
ordinated data submission policy.

The Genome Data Base (GDB) — In view of the importance of good links to
mapping information, we reinforced our collaboration with the Genome Data
Base from Johns Hopkins University. In August 1991 one week course on the
use of GDB was offered in collaboration with staff from CEPH in Paris, the
DKFZ from Heidelberg and the IMP in Vienna and Johns Hopkins and Utah.



Genome informatics centres

The importance of genome project data is well recognised, and in order to
improve the communication between genome initiatives and the public
databases, a workshop was organiscd with representatives from several
European genome projects to discuss specific problems of data exchange and
representation. Procedures were discussed to allow the automatic
incorporation of data from such projects into our database. Future such
consensus meetings with broader perspectives are planned.

List of joint
publications with
trans-national
authorship

Data Library Staff (1991) EMBL Data Library Release Notes and User
Manual, Releases 26,27,28,29, 30.

Bairoch, A. and Data Library Staff (1991) SWISS-PROT Release Notes and
User Manual, Releases 17,18,19,20, 21.

Bairoch, A. and Boeckmann, B. (1991) The SWISS-PROT protein sequence
data bank. Nucl. Acids Res. 19, 2247-2249.

Fuchs, R. and Cameron, G.N. (1991) Molecular biological databases: The
challenge of the genome era. Prog. Biophysics Mol. Biol. 56, 215-245.

Fuchs, R. and Higgins, D. (1991) The EMBL Data Library. In: Collins J. and
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TITLE: CarbBank
CONTRACT NUMBER: BIOT-CT90-0184
OFFICIAL STARTING DATE: 01.02.91
COORDINATOR: Prof. K. Bock, Carlsberg Lab., Dept. Chem., Copenhagen, DK
PARTICIPANTS: Prof. H. Paulsen, Uni Hamburg, Dept. Org. Chem., Hamburg, FRG
Prof. J.F.G. Viiegenthart, Uni Utrecht, Dept. Bio-org. Chem., Utrecht, NL

OBJECTIVES SET FOR THE REPORTING PERIOD:

The objective of the research program is to establish a Complex Carbohydrate Structural Database
(CCSD) containing published oligosaccharide structures larger than disaccharides and the
accompanying database management program CarbBank. The main goal of the reporting period
(01.02.91 - 31.01.92) was to increase the number of oIigoséccharide structures included in the
database in order to reach a complete coverage of the current literature in the near future. The
objective for the reporting period was to release a version of the database with at least 3000
records.

Furthermore, the development of tools to link the structural database to spectroscopic information
like 'H- and ">C-NMR data was planned as well as a better connection to other databases.

MAJOR PROBLEMS ENCOUNTERED:

A major problem was the collecting of data by manuaity extracting the oligosaccharide structures
and the annotation from the original literature. This problem was solved by using the Chemical
Abstracts Services as a tool to get access to literature in the carbohydrate field as well as to
extract relevant information.

RESULTS:

In January 1992, the latest version of the CarbBank program and the structural database CCSD
with about 8000 records was released.

In the beginning of the project the task of coliecting the structural data was performed manually
by a systematic survey of the existing carbohydrate literature. The input of data into the database
was actually a manual procedure which is very time consuming.

In the course of this project the computer program CASON was developed in Copenhagen to
translate the systematic name of a compound as used in the CA registry file to a structural
representation as used in CarbBank. The Chemical Abstracts (CA) ONUNE service was utilized
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to search for specific structural elements of N- and O-linked oligosaccharides. The search resulted
in about 2900 entries which were extracted and subsequently converted using the CASON
program. These data were divided under the 3 participating groups and verified against the
original literature. Detected errors like misspellings, structural errors and wrong specification of
aldose/alditols were corrected. Some structures which were not sufficiently characterized were not
incorporated into CarbBank. An error report was send to CAS.

In exchange for the computer program CASON Chemical Abstracts agreed to release all entries
from CAS containing oligosaccharide structures with more than two monosaccharides for our
purpose of building up the Complex Carbohydrate Structural Database. Thus by October 1, 1991
we received about 30000 records from CAS covering the carbohydrate literature from 1966 - 1991.
About 15000 were suitable for translation into a format which can be read by CarbBank. About
4000 records were already in CCSD, so that the remaining 11000 have to be verified and checked
against the original Iiterature by the curators. This is currently in progress at the participating
laboratories in Utrecht, Hamburg and Copenhagen. The contract with CAS allows us to workup
the backiog of already published oligosaccharide structures as well as the ones which will be
published over the next five years in a manageable manner.

Due to this more automatical approach of collecting and verifying data our goal of covering the
whole carbohydrate literature and including relevant structures and references into CarbBank will
be achieved during the planned timeframe.

At the laboratory in Utrecht (NL) a computer program SUGABASE was developed to add 'H- and
3C-NMR data to the structural information included in CarbBank. The database can be searched
for carbohydrate structures by entering a list of chemical shift values. The resulting carbohydrate
structures and NMR tables are displayed concurrently, whereby the matching monosaccharide
residues in the carbohydrate structures and the matching chemical shift values in the NMR tables
are highlighted. During the reporting period a BC.NMR module has been appended to the
database. The database of NMR tables of carbohydrate structures has been extended and
includes now a total of 508 'H-NMR records and 237 '3C-NMR records. The comesponding
database management program has been improved and the user interface has been changed to
be IBM SAA/CUA compliable.

HIGHUGHTS:

Due to the contract with Chemical Abstracts the number of structures (8000) currently included in
the database is much higher than anticipated at this point of time.
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COOPERATIVE ACTIVITIES:

Meetings:

November 1991 Maastricht (NL) - Symposium “Bioinformatics in the 90's* and BRIDGE
meeting
Prof. J.F.G. Viiegenthart, Prof. H. Pauisen, A. van Kuik, R. Stuike-Pnill, A.
Kieen.

February 1992 Hamburg (FRG) - CarbBank meeting

Prot. K. Bock, Prof. J.F.G. Vliegenthart, Prof. H. Paulsen, A. van Kuik,
R. Stuike-Prill, A. Kleen.

Otherwise the communication between the participating laboratories and the collaborating group
in the USA is done by electronic mail, fax and phone without any major problems.

A cooperation with the US National Library of Medicine / National Center for Biotechnology
Information (NCBI) will result in the distribution of CarbBank on a CD-ROM together with other
databases, like amino acid (PIR) and nucleotide sequence (GenBank) databases. This will
significantly increase the number of distributed copies of the database. Currently, the integration
of CarbBank into the database retrieval software 'Entrez’ developed by NCBI is in progress. After
completion an easy access of different databases using the same software enviroment will be
possible.

Recently, a cooperation with the amino acid sequence databases MIPS and PIR has been set up
to find a way of cross referencing these databases with CarbBank.

PUBUICATIONS:

CarbBank Version 2.2 with the database CCSD5.

A 'H-NMR database for complex carbohydrate structures. J.A. van Kuik and J.F.G. Viiegenthart
(1991), TIGG 3, 229-230.
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TITLE: Protein Sequence Databank

CONTRACT NUMBER: BIOT-CT90-170
OFFICIAL STARTING DATE: 01/01/1991
COORDINATOR: H.W. Mewes, Max-Planck-Institut f. Biochemie

W-8033 Martinsried, Germany
OBJECTIVES SET FOR THE REPORTING PERIOD:

Development of software tools for rapid distribution of protein sequence data within
Europe and informatics support of the annotation process.

MAJOR PROBLEMS ENCOUNTERED:

We encountered two major problems in achieving the goals set. The first problem is
the situation on the labor which is market is very unfavorable to recruit qualified com-
puter scientists. The project requires a sound knowledge of both programming tech-
niques and modem biology. The second problem is the poor performance and high
costs of European networks, which did not permit an efficient use of the resources pro-
vided by the on-line system. The current connectivity and bandwidth of academic data
communications lag far behind the technical development. The US gained a consider-
able edge in both resources available for bioinformatics and the network infrastructure.

RESULTS:

The Martinsried Institute for Protein Sequences (MIPS) at the Max Planck Institute for
Biochemistry has developed resources to support the data collection and distribution as
part of the tripartite collaboration of the Protein Sequence Databanks (PIR-
International). The work funded by the BRIDGE project concentrates on the informatics
support of the data distribution and the development of a formal Sequence Database
Definition Language (SDDL) in collaboration with PIR-Washington.

1. New methods for data distribution:

Rapid distribution of protein sequence data becomes increasingly important. The tradi-
tional distribution by magnetic media is too slow and not frequent enough to fulfill the
needs of the user community. Releases distributed on magnetic media or on CD-ROMs
may miss hundreds of new entries due to the delay in release production and distribu-
tion (usually 1-2 months). Local implementations of the data need require skilled per-
sonnel and considerable hardware resources, which are costly.

Communication software opens access to remote data on network systems. The net-
work performance is not yet satisfactory in many cases. The storage of data at a single
node is not feasible. We investigated an intermediate solution: data should be
distributed by a number of EMBnet nodes, covering ’local’ needs. Our approach will
provide nodes with an appropriate software to parse transactions and to install the data
in a searchable database management system (INQ/ATLAS).

The project in progress is part of a collaboration with the Technical University of Mu-
nich (K. Heumann, Department of Informatics, headed Prof. Dr. Bayer).

Data distribution through networks is looked at as a special type of a distributed appli-
cation. The key concept of communication is a client/server model (see fig. 1). The
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data distribution targets are databases within Europe. Therefore, it is necessary to use
wide area networks (WAN) as transport media. The software should work as well on
local area networks (LAN). TC/IP is implemented a protocol using public network and
local ethernet connections. A typical feature of WANs is that only one-to-one commu-
nication is supported. This is the main difference from LANs which can easily use
broadcast concepts where one-to-many communication is done. In a WAN communica-
tion, there are many possible sources for errors, for example transport and communica-
tion errors and run-time errors at the remote systems. For both types error logging and
error recovery are needed. In open networks it is important to protect subnet parters
from an unauthorized access. Maximum security is achieved if authentication is ex-
tended from only identifying the communication partners to identifying the functional-
ity of the application and the type of data that the remote parmer verifies to process. It
is important to assure maxirnum software portability to allow the application to operate
in inhomogenous networks. Therefore, software is layered on a general purpose com-
munication mechanism that hides the underlying network from the application soft-
ware. The communication mechanism used is the remote procedure call (RPC). A re-
mote procedure call functions like a local procedure call, but the caller is resident on a
different node.

Node structure of » petwork
Remote-Chent
a
A 4
................. SV EE L
protocol and syncrooczabon
Qient1 |2 = ‘Ch_‘f"frl_ Application
...... ol eeetioteraneenctannond
e butor | = = | dssebraor datshase ranzacton mansgemest

Figure 1  Client/Server concept for data distribution

2. Data exchange between nodes of the PIR-International

During 1991, a mechanism of updating protein sequence data that relies on the fre-
quent use of a transaction protocol through the INQ (IN-Query-System) became fully
operative, leading to a rapid increase of the number of entries accessible to the users.
Entries are updated daily and the dataset. PR3 is downloaded weekly to the on-line
system. The following data are inserted into INQ:

¢ Data from journal scanning, verified by double input
¢ Data from EMBL translations verified by double input
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¢ Data from EMBL translations marked as "unpublished’ (no double input possible)
The data must fulfill the following requirements:

1. The title line must be complete.

2. The biological source must be checked against the taxonomy database.

3. The reference must not conflict with any other reference in the database.

4. The accession number must be unique.

All updates of entries are automatically submitted to the INQ-database.

An efficient complete annotation of protein sequences must be done by protein fami-
lies. This requires the exchange and frequent update of protein entries between the
databanks. Based on the experience gained with the INQ system, we are working on the
methods for reservation and updating of entries on distributed nodes. The system has
to fulfill the requirements of a distributed database, a problem that has not yet been
solved by commercial systems. We intend to build up the system on top of a commer-
cial, object-oriented database management system. The development of such a com-
plex software to fulfill special needs of the protein sequence databanks is in an early
stage.

3. User-support and on-line system

The on-line system provides users with free access to the latest versions of the major
databanks. Currently, the system holds 238.645 sequences in 13 databases which are
concurrently accessible interactively by the XQS system. The latest PIR-International
protein sequences are updated weeckly. Sequence comparisons to search for homologies
can be performed as batch jobs submitted by electronic mail. Searches in the databases
are also possible through a file-server system. MIPS has dedicated powerful resources
to support external users (3 VAX computers and one DEC-Station 5125).

4. Progress in protein classification

One of the handicaps in the usage and the future development of the present PIR data
bases is the lack of a complete sequence classification: only 25% of the sequences con-
tained in the PIR1 data base have already been classified by NBRF and MIPS. The other
75% are gathered in the two databases PIR2 (partially annotated) and PIR3 (preliminary
entries).

The goal of the cooperation was to extend the classification of PIR1 to the sequences of
PIR2 and PIR3 in order to reach a homogeneous structure the whole data base using the
existing Family Alighment Data Base and the corresponding software tools developed
at the Max Planck Institute for Experimental Medicine in Gottingen. For the period
Nov. 91-Feb. 92 we expected to automatically classify approximately 50% of the total
data base.

In order to achieve this goal, the development of two sets of procedures was necessary:

e Automatic migration of the alighment and relationship data base to a new release
of the PIR-International sequence data base

* Automatic classification of sequences in PIR2 and PIR3 according to the classifica-
tion rules of PIR-International
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This set of programs closed the life-cycle of the Family Alignment Data Base
(FAMALN-DB) which now consist of 4 major phases:

1. - Migration to new release

2. - Scanning the sequence data base for new homologies
3. - Multialigning new or modified families

4. - Classification of PIR2/PIR3 sequences

Several programs had to be modified to account for the PIR-Classification of the se-
quences and to build up the cormresponding PIR-Data Base indexes. The PIR-
Classification and the family classification used by the Gottingen group are not a one
to one mapping. Using an independent classification scheme, we were able to detect
several inconsistencies in the PIR classification. Most of these have been cleaned up in
Rel. 31 of the PIR-DB or are going to be cleaned up in the next release. The more im-
portant use of the family classification was to create a preliminary classification of
many PIR2 and PIR3 sequences. At the end of Rel. 30 life cycle in Feb. 1992 we were
able to classify:

in PIRI: 8798 (done by PIR)
inPIR2: 6168 (this project)
in PIR3: 5095 (this project)

Total: 20.061 sequences = 59% of total 33.989 sequences

In summary, the major aim of the project has been achieved. In conjunction with the
new XQS-System of PIR, indices allow an unified view of the full PIR-International data
base, using the superfamily classifications.

5. FASTA Database

MIPS compares every protein sequence added to the dataset against all other sequences
available. The information is valuable for the protein classification and the annotation
based on the principle of sequence similarity. In addition, most sequence comparisons
performed by external users repeat comparisons that are already performed at the time
the sequence was added to the dataset.

The number of possible one to one comparisons for the current set of 50.000 sequences
is 1.25 million. The task of comparing all available sequences with themselves is feasi-
ble within approximately 40 days of run-time on an ULTRIX system. Storage require-
ments will be moderate. Such a database requires a flexible data structure to store re-
sults from newly added sequences. Sequence similarities are symmetric between each
pair of sequences compared. Therefore, the FASTA search of a new sequence must be
written to the records of all other similar sequences to result in an up-to-date database
of protein relations. However, this database will be highly interesting not only for the
internal purposes of the databank. Once set up, updating will require only moderate ef-
forts with respect to CPU-time and allow the user to retrieve protein similarities ex-
tremely rapidly. Currently the set of 36.150 sequences available in the PIR datasets are
compared.
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6. Development of a new format/database structure

An important step for the development of the sequence databanks was achieved with
the definition of a standardized format for sequence data exchange. The evolution from
individual sequence data entries to complex interlinked data structures requires the ex-
tension and formalization of the data definition.

The CODATA format possessed two major disadvantages: First, the syntax was for-
mally defined, but not the semantics. Second, the rigid definition of the format struc-
ture required the adaptation of the existing sequence databanks, which is an unattain-
able goal.

The representation of complex biological information in digital computers is only pos-
sible with the application of well-defined semantics, serving for an exact description of
the data interdependencies. A certain feature, e.g., a modified site, is only valid in rela-
tion to the one-dimensional array of the sequence. These relations are displayed as nu-
meric coordinates, they can also be used to transform one sequence into another (e.g.
to describe sequence discrepancies). The numeric values have no intrinsic meaning,
the information is only generated by the combination of two or more different data
types. Object-oriented languages provide mechanisms to handle these complex data
types as operations ('messages’) of classes to generate transient objects (in contrast to
the stored, ’persistent’ objects). The currently implemented database systems handle
semantics by specialized software, written on top of standard applications provided by
the databases management system (DBMS). A formal description of the relations does
not exist. The software must "know’ the relations of certain data fields (tables) and has
to interpret data dependencies, rendering software data and schema dependent. Every
change in the schema has to be reflected in changes to the software. Although protein
sequence data and the associated information require only a limited number of da-
tatypes for their description, a large number of different, multiple relations between the
clements exist. The organization of the databank as ’components’ allows an independ-
ent development of complex data structures, like the taxonomy, the superfamily classi-
fication, the genetic information or the complex protein architecture.

In collaboration with Dr. D.G. George of PIR-Washington, the theoretical concept of a
sequence definition language was used to address the current problems by

1. incorporating high-level data types that include a functional definition of the data

2. providing a data declaration section that allows the organizational structure and in-
formation content of the database to be formally defined

3. providing a mechanism that allows interdata dependencies to be resolved selec-
tively and unambiguously

4. introducing a mechanism for unambiguous reference to information in other data-
base components and thus providing for their interlinkage.

This approach allows data verification by strong datatyping and a formal control of the
data set. Its realization will be of basic importance for the success of sequence data
processing.
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HIGHLIGHTS/MILESTONES

New methods for data exchange and distribution of protein sequences have been ex-
plored. The concept of data distribution over wide area networks has been investigated.
A new method for protein family classification has been applied. An advanced se-
quence data description language is under development.

WIDER CONSIDERATIONS

Protein sequence data are of major importance for the basic research in biomedical sci-
ences as well for the biotechnological infrastructure. The collection and distribution of
protein sequences in Europe has been subject of our work. MIPS is the European contri-
bution to the international network or protein sequence databanks. During the past 4
years, the amount of data available increased by a factor of 5.4 fold. In the future im-
proved methods for data processing and distribution will be applied. Structuring the
database into protein families and development of new concepts for the organization of
biological data will largely improve the usefulness of the database in the future.

COOPERATIVE ACTIVITIES
P. Kreisl participated at the EMBnet meeting on Crete (May 1991).

H.W. Mewes participated at the Sectorial Mceting of the BRIDGE bioinformatics
group at Maastricht NL, Nov. 1991.

OTHER PUBLICATIONS

George D.G., Orcutt B.C., Mewes HW., and Tsugita A.; An Object-Oriented Se-
quence Database Definition Language (SDDL)’, submitted to Protein Sequences and
Data Analysis
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TITLE: Promotion of EMBnet: Computer Network for Bioinformatics in
Europe

CONTRACT NR.: BIOT CT91/0273
OFFICIAL STARTING DATE: 01.04.1991
COORDINATOR: Prof. Cecilia Saccone, CNR, Rome, Italy

PARTICIPANTS: Aarhus University, H. Ullitz-Méller, Denmark
University of Helsinky, J.C. Roos, Finland
Université René Descartes, G. Cremer, France
DKFZ, S. Suhai, Germany
Daresbury Laboratory, A. Bleasby, United Kingdom
Inst. of Mol. Biol. and Biotech., C. Savakis, Greece
CSMME - CNR, C. Saccone, Italy
University of Nijmegen, J.H. Noordik, Netherlands
Biotechnology Centre Oslo, E. Paulssen, Norway
C.S.I.C., J.M. Carazo, Spain
Uppsala Biomedical Centre, G. Magnusson, Sweden
Biozentrum Basel, R. Dolz, Switzerland

OBJECTIVES SET FOR THE REPORTING PERIOD:

Taking into account that the aim of this project is to reinforce EMBnet
through the consolidation of the existing node activities, stimulating
collaboration and promoting new initiative in biocomputing, the objectives
selected for the initial period were:

a) the drafting of a feasibility study on connection improvement; a task force
for telecommunications was appointed;

b) setting up of a bulletin board - conferencing system

¢) study on the technological tools for data distribution

d) planning of specialized courses and workshops

e) hiring of an EMBnet resource project assistant to help in consolidating the
existing group activities, with the aim of stimulating further collaboration in
biocomputing, networking and training.
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A Funding Committee (FC) was created to coordinate and supervise all
activity relevant to the above-mentioned objectives. This Committee is
formed by Prof. Cecilia Saccone (CNR, Italy); Martin Bishop (HGMPRC,
United Kingdom); Reinhard Doelz (Biozentrum, Switzerland); Peter Stoehr
(EMBL, Germany); Mats Sundvall (BMC, Sweden) .

MAJOR PROBLEMS ENCOUNTERED:
EMBnet RESOURCE PROJECT ASSISTANT

This position was advertised in NATURE (vol 352, 4 July, 1991) and 27
applications were received. The features of applicants were the following:
average age 33 years, and previous experience in accademic institutions,
with more or less long stages outside the original countries.

It can be noted that the majority had a biological background and little
knowledge in computer sciences. A pool of possible candidates (namely
Peter Norbert Saurugger from Austria, David W. Featherston from Canada,
Mark A. Vandeyar from Britain and Jom Wolters from Germany) was then
selected and they were interviewed in Bari on the occasion of the first
Funding Committee meeting on 15th October 1991. No one of them was
estimated suitable for the job. The Funding Committee decided then to hire a
more experienced person with managerial skills. A call for proposals was
circulated in January, describing in detail the tasks of this person. During the
second Committee meeting, held in Heidelberg last March 8th, the hiring of
Prof. Albert M. Kroon was decided on the basis of his previous experience
as full professor of biochemistry at the State University Medical School of
Groningen and at the University of Amsterdam, as well as on his work as
managing and research & development director at Haarlem Allergen
Laboratories B.V., and at the HAL Group both in the Netherlands and
abroad. He also has some experience as advisor for lifesciences policy in the
Coliege van Bestuur, the main board of administrators of the University of
Amsterdam.

This caused a delay in the implementation of the job for the project assistant.
However, the attempt was instrumental, in our opinion, to assess the profile
of the bioinformatic scientist available on the market.

RESULTS:
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TRAINING PROGRAM.FOR EMBNET/BRIDGE

A scheme for the future training programm was decided. This programm
included: one ad hoc seminar per annum, with a level of funding analogous
to that for EMBO or FEBS workshops; practical courses; annual business
meetings. For all courses and seminars, precedence has been given to those
organised by more than one country.

IMPROVEMENT OF DATA DISTRIBUTION

a) A Pilot Project for the Development of improved Data Exchange
Mechanisms has been started by Rainer Fuchs at the EMBL. The project
was financed with ECU 6000 and will have a duration of six months. Since
the data are received by the different nodes on various protocols (DECnet or
TCP/IP) and they are further manipulated for local distribution according to
the locally available database management and sequence analysis software,
it is necessary to develop standards for interfacing the EMBnet data
distribution mechanism to software which acts on the delivered data.

b) The acquisition of Multinet TCP/IP software was financed. This software
allows the improvement of the local communication standard as it is of no
obstacle for a mixed environment VMS-UNIX, which are the two operative
systems most widely spread in the EMBnet community.

BULLETIN BOARD - CONFERINCING SYSTEM

A bulletin board was set up for the exchange of experience among the
EMBnet users, who can discuss topics of common interest directly on-line
using a single e_mail address. Manager of this project has been appointed
Rob Harper from the Finnish node.

MILESTONES: A comprehensive study was carried out by Reinhard
Doelz on the EMBnet status and its possible developments. It listed the
various services available on-line from EMBnet, with a detailed analysis of
the connectivity performance - e.g. success rates and reliability rates for data
transfer.
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The study also included suggestions for improvement which took into
account most of the available communication protocols and their pros and
contras on EMBnet nerwork. A chapter was devoted to hardware, users,
funding and staff. and another to education, user services and databases.

Therefore, since this study gives a very accurate idea of problems as well as
of opportunities for development of EMBnet as a whole, it will be used as
feasibility study for further developments.

COOPERATIVE ACTIVITIES:

This project is, in its very structure, quite different from other BRIDGE
funded programs in that it is based completely on cooperation of different
countries, EEC and EFTA, and Institutions. Each single result is the fruit of
this cooperation. Yet, EMBnet as an organization is open to contribution
from any other institution and organisation; indeed, a cooperation is under
way between the so called "special purpose nodes"”, that is the human
Genome Mapping Project Resource Centre of the United Kingdom, the
MIPS in Heidelberg and the INSERIM in France.

Against this scenario, the Italian node of EMBnet isdiscussing joint research
with the MIPS, bearing on the development of object-oriented databases.
Contacts with NCBI have also been established.
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TITLE:
Integrated data and knowledge base of protein structure and sequence

CONTRACT NUMBER:
BIOT-CT90-0271 (SMA)

OFFICIAL STARTING DATE:
1 April 1991

COORDINATOR:
Shoshana J. Wodak, Université Libre de Bruxelles, Bruxelles, BE (partner 1)

PARTICIPANTS:

Chris Sander, European Molecular Biology Laboratory, Heidelberg, DE (partner 2)
Janet Thornton, University College London, London, GB (partner 3)

Peter Gray, University of Aberdeen, Aberdeen, GB (partner 4)

Chris Rawlings, Imperial Cancer Research Fund, London, GB (partner 5)

Michel Moreau, BIM, Everberg, BE (partner 6)

OBJECTIVES SET FOR THE REPORTING PERIOD 1 July 1991 - 31 March 1992

All partners : Design of a standard schema of object types and relations describing protein
structure and sequence.

Partners 1 (Brussels) and 3 (UCL): incorporate sequence and structure homology informa-
tion into the respective databases.

Partner 4 (Aberdeen): Prototype implementation of an Object-Oriented front end.

MAJOR PROBLEMS ENCOUNTERED:

Partner 1 (Brussels):

In order to store data on protein sequence and structure homology, it was necessary to
develop efficient ways of representing this data in the database. In particular, solutions to
the problem of representing multiple sequence alignments (based either on pure se-
quence or structure comparisons) had to be devised.

Partner 3 (UCL):

To artain the objective of incorporating sequence and structure homology information

into the database, it was necessary to develop the following computer programs:

a) a sequence alignment tool for identifying proteins with sequence homology;

b) astructural alignment tool which can be used either for superposing whole structures
to identify distantly related proteins or to find common structural motifs which are
not necessarily the result of divergent evolution.

To identify structural motifs, a method for generating local structure alignments also

needed to be adapted.

Partner 4 (Aberdeen):

The main problem encountered was the long delay in providing funds. The services of
Dr. Kemp might have been lost, had not the SERC given us a one-year grant to continue
some other work. Work on the BRIDGE contract started only in October 1991, after at-
tending the GBF-CAPE Symposium and BRIDGE meeting in Braunschweig.



Another problem has been the delay in acquiring a license for the SYBASE software, ata
specially reduced price. However, a great deal of help was provided from Jean Richelle at
UCMB, and we hope to have a running system soon.

We are experiencing IPR (Intellectual Property Rights) problems already in using protein
data provided by other partners for pre-competitive work with a small biotechnology
company in order to try out our system. The commercialization of the ’value added’ data-
bases is fraught with potential IPR problems which could seriously hinder their take-up.
We are trying to structure our database so that program and data modules can be pur-
chased from various sources for various platforms, but it is not going to be easy.

Partner 5 (ICRF):

A number of programs have been developed using the logic programing language Prolog
to check the consistency and completeness of the topological description of protein struc-
tures used in the TOPOL database. Most of the problems encountered could be traced
back to inconsistencies and incompleteness in the original Brookhaven files.

RESULTS:

All partners (more specifically a working group including members of partners 1, 3, 4 & 5):

Very good progress was made in the design of a standard schema of object types and rela-
tions describing protein structure and sequence. A report describing the schema and ob-
jects types on which consensus has been reached is circulating among all partners for
comments. This mainly concerns the hierarchy of molecular structure elements such as
macromolecule, subunits, quaternary structure, chain, ligand, solvent, various descrip-
tions of secondary and supersecondary structure elements, residues, atom groups, atoms,
and finally spatial proximity and specific interaction types made between atoms. A stan-
dard definition of such object types and the relations between them is not only necessary
for the design of compatible databases, but also and foremost a prerequisite for any stan-
dard exchange protocol of macromolecular data, which is badly needed in the field.

Partner 1 (Brussels):
Extensions and enhancements of ALL the user interface to SESAM: A1l contains meta-
knowledge about SESAM. This includes a list of SESAM tables, data fields, and their
aliases, as well as the type and relational properties of the fields. Commands have been
developed in ALI to introduce this metaknowledge interactively, thereby allowing the
user to bring ALI up-to—date on changes made in SESAM. Further improvements have
been made to the automatic query building algorithm in AL When querying SESAM
through ALI, the user needs to specify only the fields he wishes to view. Those used for
"join’ purposes in different tables are provided automatically by the algorithm. The latter
furthermore optimizes the query operation by minimizing the number of tables to be ac-
cessed. The procedure whereby this is achieved is very general and works even for very
complex queries.
Other enhancements include:
1) Reorganization of the MENU of ALl into a tree structure that reflects the hierarchic
concepts of protein structure. This greatly facilitates the specification of data fields
and conditions in accessing SESAM.
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2) Aset of PLOT and GRAPH commands to produce 2D graphic output (screen or
printer) of any pair of numerical data fields extracted from SESAM.

Incorporation of data on protein sequence and structure homology: Having devised ways

of representing multiple sequence alignments in SESAM, information on aligned se-

quences of 28 protein families including the Globins, Cytochromes-C’s Lysozymes, mi-

crobial RNases have been stored in SESAM.

mg_n_s_m.l_qm_o_r_ﬁl_c_uo_nal_m_o_m An exhausnve repertmre of sequence pattems
uniquely associated with secondary structures (w8, Coil, Turn) at specific positions
(Rooman & Wodak, 1988, 1990) and their respective territories in all known protein
structures has been stored in SESAM.

FPartner 2 (EMBL):

Two algorithms to extract from the database representative sets of protein chains with
maximum coverage and minimum redundancy have been developed. The first algorithm
focuses on optimizing a particular property of the selected proteins and works by succes-
sive selection of proteins from an ordered list and exclusion of all neighbours of each
selected protein. The other algorithm aims at maximizing the size of the selected set and
works by successive thinning out of clusters of similar proteins. Both algorithms are gen-
erally applicable to other databases in which criteria of similarity can be defined and re-
lated to problems in graph theory. The largest non-redundant set extracted from the cur-
rent release of the Protein Data Bank has 155 protein chains. The selection may be useful
instatistical approaches to protein folding as well as in the analysis and documentation of
the known spectrum of three-dimensional protein structures (Uwe Hobohm et al., in
press).

Fartner 3 (UCL):

Asequence alignment tool has been developed which performs all pairwise comparisons
and generates protein families by single linkage cluster analysis. Sets of nonhomologous
proteins can easily be derived by selecting a single representative from each family. A
multiple sequence/structure alignment is also in progress, which will allow us to establish
sequence and structure constraints for different families and folds. Such information
could be stored in the databank in the form of templates, generated at different similarity
levels.

To identify motifs, a method for generating local structural alignments has been devel-
oped. This can be applied to each family separately, extracting folding motifs for that
family or across the databank giving universal motifs. It can search for all occurrences of
known motifs or find new motifs. Plans for future work include an analysis of all families
within the databank using these techniques. It concerns identification of new motifs and
extensive characterisation (both sequence and structure) of new and established motifs.
Research will also include assessing ways of storing such data in the databank.

We also actively participated in the standard schema design efforts (see all partners).
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Partner 4 (Aberdeen):

We have coordinated the standard schema design efforts using the latest database model-
ling techniques (see also all partners) and produced a report of the working group sessions
in Aberdeen (23-25 January 1992). The design standards described in this report have
already been through the first stage of refinement through comments. The schema looks
promising. It includes most of the types of macromolecular data stored by the partmers,
showing how they relate to each other. It is at an abstract conceptual level which allows
different storage representations to be implemented by different partners, but without
needing significant changes to application programs based on it. The schema is to be
presented for a final stage of refinement at the EMBL meeting on 22-23 May 1992.
Our other work has been to prototype an extension to our object—oriented database
which allows relational database storage routines to be used to store objects. The objects
are stored in a separate module (partition) of our database, but can contain pointers to
objects in existing modules. This will make it straightforward to use our Prolog search
code and object-oriented software in conjunction with data taken from the SESAM data-
base developed by partner I (Brussels), as planned in our original proposal. The proto-
type test is encouraging. '

Fartner 5 (ICRF):

Progress has been achieved in the following areas of project tasks: Definition of the stan-

dard schema, addition/validation of data and knowledge and the development of user

interfaces.

Definition of the standard schema (see also all partners): In common with other members

of the project we have taken part in meetings and discussions to help arrive at a consensus

conceptual schema that integrates the data and requirements of all the consortium part-
ners.

Additi Validation of d n Wi :

a) ARule-based Representation of Protein Folding Rules: Based on a Prolog represen-
tation of general protein folding rules in /B proteins an interface to the TOPOL
database and programs was implemented. By searching the TOPOL database using
the folding rules as queries, proteins whose conformation could be shown to comply
with the folding rules could be identified [1]. The results of the study helped to vali-
date both the TOPOL representation of protein topology and the protein folding
rules.

b) Validation of Protein Topology Data: A number of programs have been developed
using the logic program Prolog to check the consistency and completeness of the to-
pological description of protein structure used in the TOPOL database

Software and User Interfaces

a) 