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1 Introduction

The deliverable A2-D4 sets out to deliver the following contents:

Demonstrators

With the requirement defined simple demonstrators will be produced. The demon-
strators are mock-ups of future prototypes. They will demonstrate the main func-
tionality of the specified applications and thus serve as a basis for the viability of the
applications. Four applications will be pursued with the demonstrators:

e Rule-based information integration and dissemination

— Application: rule-based integration for structured data, e.qg. protein inter-
actions

— Application: rule-based information dissemination for unstructured data,
e.g. HIV information portal

e Rule-based querying for bioinformatics databases and tools

— Application: rules, constraints, and ontologies to query structured data,
e.g. constraints in sequence comparison

— Application: rule and ontology-based search for unstructured data, e.g.
biomedical literature

Here, we give a brief overview over the following demonstrators, which cover the applications
sketched above.

GoProteins allows users to browse the GeneOntology and retrieve protein structure data
from the web. It uses ontologies, deduction rules, reaction rules, databases and XML.

Sambo integrates bio-ontologies such as the GeneOntology and Mesh. It deploys novel
algorithms for concept mapping.

BioRevise reasons over metabolic networks using techniques from belief revision.

EarthFeed reads RSS feeds on the web, extracts locations and maps them onto a map of
the world. The demonstrator uses XML and reactivity.

GoPubMed uses the GeneOntology to search the biomedical literature.

For GoProteins and Sambo the appendix contains details.



2 GoProtein

e Name of the system: GoProtein

e Brief description: The GoProtein tool browses the Gene Ontology (GO) and uses the
Gene Ontology Annotation database(GOA) to retrieve relevant IDs for a selected term
from the Protein Database Bank(PDB) and Uniprot protein databases. To retrieve more
information from PDB and Uniprot, GoProtein connects to their respective URL, parses
their XML entries and retrieves preselected fields. GoProtein implements the following
workflow:
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GoProtein
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Get IDs
Request
—p
—
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And XML fields

PDB, Uniprot
XML Servers
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The user uses the client machine to issue a request to the server. The server then connects
to the GO and GOA databases and process the query and returns the results to be
displayed to the user. The user can request more information about the term by sending
a query to PDB and Uniprot respective URLs and retrieve the query results.

¢ Requirements: GoProtein is written in Prova. It requires online internet access to PDB
and MySQL access to the GO and GOA databases.

e Example: The following screenshots summarise how to show all the PDB entries associ-
ated with the GO term ’protein kinase inhibitor activity’.
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3. Message exchange between the two agents
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4. Connecting to the web and processing XML pages to retrieve additional information
about the term
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5. Display of additional pages (sequence length)
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e Brief description how rules and other technologies are used:

GoProtein is written in Prova, which integrates Java with deduction and reaction rules.
GoProteins uses these rules as follows:

— Reaction rules specify the behaviour of the client, which displays the GUI, and the
server agent, which handles database access and external access to the PDB server.
The reaction rules include messaging in the agent communication language JADE.

— Deduction rules are used by the client agent to traverse the ontology.
— Database access is used by the server agent to access the GO database server.

— XML documents, which provide details of the protein structures, are processed with
rules on the server side.

— The GUI is written entirely in Java, which is accessible from the Prova rule frame-
work.

e Brief summary of benefits:

— Distributed application using XML, databases, reaction rules with messaging, and
deduction rules for ontologies;

— Easy browsing of the Gene ontology tree;

— Instant access to informations from databases and web resources about protein an-
notation;

— Resilience to change (databases and web sites change often);
— Use of open source technologies;

— Location transparency (local, remote, mirrors);
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Figure 1: A general alignment strategy.

3 Sambo

e Name of the system: Sambo

e Brief description:
SAMBO is an ontology alignment and merging tool.

Figure [ shows a general strategy for aligning two ontologies. An alignment algorithm
receives as input two source ontologies. The algorithm can include several matchers. The
matchers can implement strategies based on

— linguistic matching (e.g. string matching),
— structure-based strategies (e.g. similarity of children and parents),

— constraint-based approaches (e.g. inferring similarity from similar ranges of con-
cepts),

— instance-based strategies (e.g. inferring similarity of GeneOntology terms from sim-
ilarity of annotated proteins),

— strategies that use auxiliary information (e.g. domain knowledge from additional
databases),

— or a combination of these.

The matchers calculate similarities between the terms from the different source ontolo-
gies. Alignment suggestions are then determined by combining and filtering the results
generated by one or more matchers. The pairs of terms with a similarity value above a
certain threshold are retained as alignment suggestions. By using different matchers and
combining them and filtering the results in different ways we obtain different alignment
strategies. The suggestions are then presented to the user who accepts or rejects them.
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Figure 2: A general merging algorithm.

The acceptance and rejection of a suggestion may influence further suggestions. Further,
a conflict checker is used to avoid conflicts introduced by the alignment relationships. The
output of the alignment algorithm is a set of alignment relationships between terms from
the source ontologies.

Figure Bl shows a simple merging algorithm. A new ontology is computed from the source
ontologies and their identified alignment. The checker is used to avoid conflicts as well as
to detect unsatisfiable concepts and, if so desired by the user, to remove redundancy.

e Requirements: Sambo is implemented in Java and deployed in Tomcat.

e Example: The following screenshots summarise a session in Sambo.
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e Brief description how rules and other technologies are used:

OWL is used to represent ontologies

e Brief summary of benefits:

Sambo allows users to integrate ontologies, this is a key functionality in bioinformatics
as there are many ontologies, which partially overlap. For specific applications, users
typically need a domain specific ontologies, which integrates parts of existing ontologies
such GeneOntology, Mesh, UMLS, SnoMed, etc. Thus, Sambo is very important for an
ontology-based information integration tasks.
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Figure 3: An example of a metabolic sub-network involving metabolites affected by hydrazine.

4 BioRevise

e Name of the system: BioRevise

e Brief description of the system: The BioRevise system is built on REVISE a non-
monotonic reasoning system that revises extended logic programms. It is based on logic
programming with explicit negation and integrity constraints and provides two-valued
revision assumptions to remove contradictions from the knowledge base. This Belief
revision system is used to model inhibition of reactions in metabolic and biosynthesis
pathways to explain the alternation on the concentration levels of metabolites after being
exposed to external factors like toxins. The system will process the data related to the
Pathways which are extracted from the KEGG pathways database.

e Requirements: Swiprolog installation and REVISE.

e Example: Identifying the effect of toxin in metabolic networks.

BioRevise can predict inhibitory effects of hydrazine on metabolic networks to assess the
potential harmful side effects of a drug. Information on up/down changes in metabolite
concentrations after hydrazine treatment is obtained from NMR spectra. This information
is combined with KEGG metabolic diagrams, which contain information on the chemical
reactions and associated enzymes (see Fig. B).

The example is implemented as follows:

— Observables

The observations of the concentration level of the metabolites after the use of Hy-
drazine.

concentration(’succinate’,down).
concentration(’creatine’,up).

— Background knowledge.



The background knowledge describes the reactions taking place between the metabo-
lites and the enzyme involved in the metabolic networks as explained in the KEGG
database.

reaction([’succinate’], ’1.3.99.1°, [’fumarate’]).
reaction([’fumarate’,’arginine’], ’4.3.2.1°, [’1l-as’]).
reaction([’l-as’], ’6.3.4.5’, [’citruline’]).
reaction([’ornithine’], ’2.1.3.3°, [’citruline’]).
reaction([’arginine’], ’3.5.3.1’, [’ornithine’]).
reaction([’ornithine’], ’2.1.1.2°, [’creatine’]).

Abducible Predicate.
revisable(inhibited(_) ).
The abducible indicates that the predicates truth-value can be changed in order to

remove contradictions.

Program rules.

The following rules describes the underlying mechanism of the effect of inhibition of
a toxin by defining the observable concentration predicate.

concentration(Sub,down) <-
reaction(Sub,Enz,Prod), % X <--Enz-- Y
inhibited (Enz),
concentration(Prod,up).

concentration(Sub,V) <-
reaction(Sub,Enz,Prod), % X <--Enz-- Y
not inhibited(Enz),
concentration_all(Prod,V).

concentration(Sub,up) <-
reaction(Prod,Enz,Sub), % Y <--Enz-- X

inhibited(Enz),
concentration(Prod,down) .

Integrity constraints.

<- concentration(M, up), concentration(M, down).

Possible results for the above example

?- solution(A).

A = [[inhibited(’1.3.99.1°)1, [11 ;

10



A = [[inhibited(’2.1.1.2°)]1, [1] ;

A = [[inhibited(’2.1.3.3’), inhibited(’3.5.3.1°)], [1] ;
A = [[inhibited(’3.5.3.1’), inhibited(°4.3.2.1°)1, [11 ;
A = [[inhibited(’3.5.3.1’), inhibited(’6.3.4.5°)1, [1] ;
No

e Brief description how rules and other technologies are used:
The whole system is modelled using Prolog rules: examples:-

reactionnode(M etabolitel, Enzyme, M etabolute2)

describe the topology of the network of the metabolic pathways. At the end we can
get as a result, possible explanations for the change of the concentrations related to
the observation, knowing which enzymes are affected and therefore which reactions are
inhibited. This explanations are presented in predicates:

inhibited( Enzyme, M etabolitel, M etabolite2)

capturing the hypothesis that the reaction from Metabolitel to Metabolite2 is inhibited
by one toxin through an adverse effect on the enzyme, Enzyme, that normally catalyzes
this reaction .

We need to take into consideration the predicate:

reactionnode(M etabolitesl, Enzymes, Metabolites2)
where M etabolitesl, Metabolites2 and Enzymes could be a list of metabolites and en-
zymes, respectively.

e Brief summary of benefits:;

In the development of new drugs it is useful to know all metabolic reactions affected by the
drug and which enzymes will be inhibited with the introduction of toxins in the system.
Since the number of metabolic pathways is huge, this work contributes explanations about
how observed changes in the concentration of metabolites can be explained by inhibited
enzymes in metabolic pathways.
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5 EarthFeed and BioChemFeed

e Name of the system: FEarthFeed and BioChemFeed

e Brief description of the system:

The EarthFeed engine is a RSS/ATOM News Feed visualization tool that displays news
summaries in the context of their geographical localization. A high-resolution satellite
image (210 mega-pixels) is used as background and provides a beautiful way to stay
Earth-tunned. The system relies on the analysis of raw free text and its categorization
against an ontological background knowledge. In EarthFeed, a straightforward ontology
for continents, countries, cities, places of interest and institutions provides terms that
are looked for and extracted from the title and summary of the news item. This simple
geographical ontology admits an obvious and beautiful visualization, a high resolution
satellite image of the earth itself. News are being fetched continously from a list of URLs.
The systems automatically moves all around the world, displaying news items as they
come.

Building on the abstract idea of Semantic Visualization, we designed BioChemFeed: re-
place the earth image with a digital scan of the Biochemical Pathways (the so-called
Bohringer map) and the ontology by the enzymes mentioned in the map. News items
mentioning enzymes can simply obtained through the new RSS facility offered by PubMed
for a given search.

¢ Requirements:

— Java Runtime Environment 1.5;
— EarthFeed JAR file.

e Brief description how rules and other technologies are used:
RSS and ATOM standards are supported by EarthFeed and BioChemFeed. The system
is reactive and hence could deploy reaction rules.

e Brief summary of benefits:

EarthFeed and BioChemFeed are experiments in semantic visualization, giving an example
of how internet connectivity, ontological knowledge, and visualization can be combined
together.

12



¢ Example:

EarthFeed
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6

GoPubMed

Name of the system: GoPubMed

Brief description of the system:

GoPubMed is an alternative to classical literature search. GoPubMed submits keywords
to PubMed, extracts GO-terms from the retrieved abstracts, and presents the induced
ontology for browsing. The induced ontology is the minimal subset of GO, which comprises
all GO terms found in the documents. The users actually queries PubMed.

Requirments:

GoPubMed is a freely available Web application. A DSL internet connection and a modern
browser will do.

Example:
Example: Actin:

Which term is most obviously related to actin? Many researchers will promptly reply
myosin. In GoPubMed such obvious relationships can be identified by exploring the
most frequently occurring GO terms. In the case of actin GoPubMed suggests that some
80 papers mention cellular components or any sub-terms, nearly 80 papers cell or sub-
terms, some 70 intracellular, 67 cytoplasm, 57 cytoskeleton, 50 actin cytoskeleton and 9
myosin. Thus, in only 5 clicks the user can relate actin and myosin and even underpin
this relationship through the statements of associated abstracts, such as PMID 15679101:
Syntrophin was also able to inhibit actin-activated myosin ATPase activity.

Example: Author profiles

GoPubMed is generally useful to gain an overview over a set of articles and to define
a profile for these articles. This feature can be used to quickly get an insight into the
topics a researcher is working on. Specifying e.g. the name and affiliation of a researcher
as query to GoPubMed one will be able explore the researcher’s interest and focus of
research. In particular, the induced GeneOntology can serve as a profile representing that
researcher. As an example, consider Kai Simons in Dresden. The PubMed query simons
dresden returns some 20 articles. The induced ontology for these papers indicates that
he is working on cell organisation and biogenesis (within the process ontology) and in
particular on lipid raft formation, a term that is found in 13 papers.

Brief description how rules and other technologies are used:

GoPubMed handles ontologies in OWL and documents in PubMed XML. GoPubMed
implements simple reasoning computing induced ontologies from given documents.

Brief summary of the benefits:

First, it gives an overview over literature abstracts by categorizing abstracts according to
the Gene Ontology and thus allowing users to quickly navigate through the abstracts by
category. Second, it automatically shows general ontology terms related to the original
query, which often do not even appear directly in the abstract. Third, it enables users to
verify its classification because GeneOntology terms are highlighted in the abstracts and
as each term is labelled with an accuracy percentage. Fourth, exploring PubMed abstracts

14



Induced Gene Ontology
2 Find Term

? Kai Simons [10]
= 8 Gens Ontolagy [16]
= 60 biological_precess [3]
= 0 celular process (6]
=0 celuler physiclogical pracess 5]

{60 cell organization and bingenesis [7]

{50 cellular metaholism [e]

{60 coll growth [2]

{60 transport [2]

{60 detection of stimulus [1]

{60 cel prolferation [1]

{60 requlation of cellular physiclogical process (1]
60 regulation of celular process [1]
0 cell dfferentiation [1]

&0 physilogical process [s]

60 development [s]

€0 requiation of bilogical process [5]

60 response to stimulus [4]

@0 growth [2]

celllar_componznt (5]

molecular_function [4]

GE w880

GoPubMed « Hot topics « Help » About

Kai Simons ~ Search

are oplians

Articles found for query "Kai Simons" and GO term "lipid raft localization"

Frequent terms for query “Kai Simons” are plssma localization(7) Rh i ipid raft(d) lipid raft
formation|

[ coterms [ Highlighted keywards: Kai, Simans

Phase coexistence and connectivity in the apical membrane of polarized 50 Terms

epithelial cells. 12 GOTerms:

‘antigen binding (100%)
id bilyer (100%)
plasma membrane (100%6)
id v (10056)

apical plasma mernbrane
{oos)

Although it is welldescribed in model membranes, lite is knonn about phase separation in biokgizal
membranes, Here, we provide evidence for a coexstence of o least two dfferent lpid bilayer
phases in the apical plasma membrang of epithelial cels, Phase connectivity was assessed by
measuring long-range diffusion of several membrane proteins by fluorescence recovery after
photobleaching in two polerized epithelial cel lines and one Fibroblast cell ns, In contrast: to the
ckies: S ML Dbt o cr s protsks difead Wi chilar charadiiis o
apical membrane of epthelial callsthe proteins could be diided into two groups sccarding fo the
d\ffusmn characteristics. Ak room temperature ( spproximately 25 degrees C), one group Shuwed
fast diffusion and complete recovery, The other dFfused thres o Four Hmes slower and, mors
importantly, dsplayed oy partial recovery. only the first group comprises prokeins that are
believed to be assodlated with pid rafts. The partial recovery is not caused by topological
constraints (microvli, ste.), cytoskelstal constraints, or protsin-protsin interactions, because all
protans show L00% recovery 1 Muorescence recovery fter lotobeadng experinents o 37
degrees C. In addtion, the raft-associated proteins cannot: be corlustered by ntibodies on the
S50 BBGRRE =1 17 cerees C. The itervetation that best (s hese cota s < het e apicel
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