A knowledge based interface for
distributed biological databases

Paolo Bresciani™ and Paolo Fontana* and Paolo Busetta™

{brescian,pfontana,busetta} @itc.it.

(HITC-irst (TRENTO) and (*)IASMAA (San Michele a.A.)

with the collaboration of Giorgio Valle and Stefano Toppo
CRIBI - University of Padua

NETTAB 2002. Bologna, July 13th, 2002. P. Bresciani: “A knowledge based interface for distributed biological databases” — p.1



Outline of the Talk

* Motivation for new approaches in biological DB

dCCESS

* The current state of the art (2 examples)

* Our Knowledge Based approach:
e an example of interaction

* some technical details
* Extending to multiple DBs
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Biological Database access

The formulation of the intended query for retrieving the
desired data is a problem for every database user.

As a simple example in Biology, consider the task of
searching for KDEL receptor:

e what does the user exactly mean with KDEL
receptor? Is she looking for the description of that
functionality; or for any protein with that functionality; or for
any genomic sequence that is expressed in such a protein?

* moreover, does the user really know all the
conseqguences of looking for all (let’s say) the
protein having KDEL receptor functionality?
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Biological Database access cont’

It may be very useful to know some relevant limitations
on the form of the query, when already some

constraints are imposed:
E.g., KDEL receptor function can NOT be exhibited by

any protein in the cell nucleus.
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Biological Database access cont’

It may be very useful to know some relevant limitations
on the form of the query, when already some
constraints are imposed:

E.g., KDEL receptor function can NOT be exhibited by
any protein in the cell nucleus.

— “protein located in the nucleus and with KDEL
receptor function”

IS inconsistent: submitting it to any biological DB
results in a useless interaction (loss of time and
money).
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Main sources of errors 1n queries

Current query systems do not provide any support to
avoid (or limit) the source of conceptual errors in

queries.

Many sources of errors:
» Lack of knowledge on the domain
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Main sources of errors 1n queries

Current query systems do not provide any support to
avoid (or limit) the source of conceptual errors in

queries.

Many sources of errors:
» Lack of knowledge on the domain
e Limited knowledge on some parts of the domain
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Main sources of errors 1n queries

Current query systems do not provide any support to
avoid (or limit) the source of conceptual errors in
queries.

Many sources of errors:
» Lack of knowledge on the domain
e Limited knowledge on some parts of the domain

e Terminology disagreement

* Little understanding of the domain representation
inside the database: terminology, taxonomy,
relationships, constraints
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The current solutions

The common way to deal with the problem is by
* being as much expert as possible in the domain
* being as much aware as possible of the design
and implementation details of the DB.
This may be sometimes interesting (domain knowl-
edge), even if difficult, but also tedious (DB design and

implementation details) specially when using several
and changing DBs.
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Our solution

We introduce a concept-demonstrator of a knowledge
based Visual Query System. It has been applied in
the context of the access to biological databases, with
the following advantages for the user:

 allows to interactively and iteratively build
consistent queries only;

 allows to interactively explore the database
semantics by gradually browsing only the
interesting parts of the conceptual model;

* uses simple, but effective, features for query
refinement and generalization.
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A slightly better example

(The muscle-trait DB — CRIBI-UniPD)
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Problems and difficulties

* In the first case, matching strings must be
provided
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Problems and difficulties

* In the first case, matching strings must be
provided

* In the second case, a more “guided” interface is
available, but the selection still is among long lists
of terms
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Problems and difficulties

* In the first case, matching strings must be
provided

* In the second case, a more “guided” interface is
available, but the selection still is among long lists
of terms

In any case no semantic support is provided.
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DT
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The “flat files” legacy problem

HSA010063 standard; DNA; HUM; 1730 BP.

AJ010063;

AJ010063.1

01-0CT-1998 (Rel. 57, Created)

07-JAN-2000 (Rel. 62, Last updated, Version 2)

Homo sapiens telethonin gene

telethonin gene.

Homo sapiens (human)

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia;
Eutheria; Primates; Catarrhini; Hominidae; Homo.

[1]

1-1730

Pallavicini A.L.;

Submitted (06-AUG-1998) to the EMBL/GenBank/DDBJ databases.
Pallavicini A.L., Complesso interdipartim. Vallisneri Dipartimento di
Biologia, Universita di Padova, via G.Colombo 3, 35121, ITALY.
SWISS-PROT; 015273; TELT_HUMAN.

Key Location/Qualifiers

source 1..1730

/chromosome="17"
/AN <~rrAf— N oo Ane OLNLN
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Terminology standardization

Fortunately some relevant steps ahead have been
done in the last few years.
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Terminology standardization

Fortunately some relevant steps ahead have been
done in the last few years.

In particular GeneOntology is one of the most
important efforts toward terminology standardization.
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Terminology standardization

Fortunately some relevant steps ahead have been
done in the last few years.

In particular GeneOntology is one of the most
iImportant efforts toward terminology standardization.

It aims at providing a support for data-integration and
inter-operability among sequence data and data from functional
analyses.

This is crucial for the discovery of the functions of new sequences
by comparison with already studied and annotated sequences.

Molecular Function, Biological Process, and Cellular Component

are classified in three hierarchies.
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The Knowledge Based Approach
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Intelligent Interface

Need of Intelligent Interfaces that must:

* be easy and intuitive to be used

* be “natural” to be used and understood

* require no knowledge of DB technologies or data
representation formalisms

* possibly require only little or partial knowledge of
the application domain

* be capable to give some semantic advice to the
users

— reduce user’s cognitive effort.
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Semantics based approach
for query formulation support

An approach is needed that:
* is semantically well founded

* |s based on a representation of the model/schema
of the DB and of the domain (biology)

e support specific kinds of reasoning (terminological
reasoning)
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Semantics based approach
for query formulation support

An approach is needed that:
* is semantically well founded

* |s based on a representation of the model/schema
of the DB and of the domain (biology)

e support specific kinds of reasoning (terminological
reasoning)

— a Knowledge Based approach
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The 1ingredients of our system

e Visual Interface for:

e listing domain concepts
e representing queries
 transforming queries

* A Conceptual Model representation:
an Ontology (better, a Knowledge Base)
(Tambis + part of GeneOntology)

* A reasoner (the Description Logics (DL) Reasoner
iIFaCt [Horrocks — U.Manchester] + specific code).
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Semantic checks

Some important features of the interface:

* Only consistent actions are allowed
(actions that lead to consistent queries).

* Only relevant modifications are proposed
(transformations that produce queries
semantically not equivalent to the original).

* Only close modifications are proposed
(not all the consistent and relevant modifications
are proposed, but only those that lead to queries
with semantics close to the original one).
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An example of interaction
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protein
biological function
biological space
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BNZYMe
structural protein
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BhZYIme

protein

protein and enzyme

holoenzy me
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protein

protein and not enzyme

structural protein
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protein

protein and not enzyme

|—hElS function biological function

has bond

has bound

has function

has length

has quaternary structure
has tertiary structure
has secondary structure
has sequence
homalogous to

polymer of

translated from

part of

Delete

structural protein
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structure

hiological space

ok | cancel

| Refinement

biological structure
extra cellular
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A MY THING
cellular part

AUCIELs

_ox |

Canceq

Exec |
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protein

protein and not enzyme

has function hiological function

part af nucleus

Refinement
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protein

protein and not enzyme

has function nucleic acid binding

part af nucleus
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Titola

chromosome:

branch:

protein

oytogenetic band:

Cancel

has function nucleic acid binding

part af nucleus
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chromosome:

branch:

oytogenetic band:

Cancel

protein

description

rag

strait-1168
strait-1457
strait-156

[ =trait-1578

=trait- 1666
strait-1783
strait-1532
strait-4026
strait-4401
strait-4870
strait-5143
strait-o1e0
strait-6381
strait-v17

L ctrait =S99

128 Homo sapiens ribosomal p...
208 Homo sapiens ribosomal p...

5 14|{serd-tERA synthetase

ed4 HSUZ28 18 Human inducit.
178 Hamo sapiens ribosamal ...
225 (Homo sapiens eukaryotic 1.
434|Homo sapiens enolase 1, ..
82 0(Homo sapiens serinefargin. ..
501 /Homa sapiens sgplicing fact.
225% Homa sapiens eukaratic t..

DABOETESO Homo sapiens .
857 /Homo sapiens eukaryotic t...
484|Homo sapiens splicing fact. ..
224/Homao sapiens dbpB-like p. .

ENT Homn saniens srhlicing fact

1pa6 3-pI6 2
lp=4.1-p32
1plz2.2-pl=l
lpzd-p36
1p26. 1-p35
1p34.1

1pie 3-pie
lpter-p23
1lp=24.3
1p34.1
1p1.2-p21.2
1pz5-p34
lp2l-p34

1p=4
1m=d 2
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KRR services

NETTAB 2002. Bologna, July 13th, 2002. P. Bresciani: “A knowledge based interface for distributed biological databases” — p.32



Knowledge Based Approach means ...

NETTAB 2002. Bologna, July 13th, 2002. P. Bresciani: “A knowledge based interface for distributed biological databases” — p.33



Knowledge Based Approach means ...
Description Logics
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DL are ...

L={p,CnD,-C,R,3dR.C,...,CL
D,YR.C,R~' RZ".C,R*".C,...}

I = <A17 'I>

semantically sound (and complete) automatic
reasoning services as:

* consistency-checking
* subsumption
* classification

KB={CCD...)
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DL.: FOL based semantics

A — Fp(y) = A(Y)
P— Fp(a,B) = P(a,B)

Infix Prefix Semantics
—~C (NOT C) —Fc(Y)
CnD| (ANDC D) Fe(Y) NFp(Y)
cCuD| (ORCD) Fe(Y)V Fp(y)

VR.C (ALLR C) Vx.Fg(Y,x) = Fc(x)
JR.C | (SOMERC) Ax. Fr(Y,x) A Fe(x)

R~! | (INVERSE R) ([3 oc)
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The KB

siiiiiiiiiiiss DISJOINT COVERING Giiiiiiiiiiiiiiiiiiiiiiiiiiiiisiiiiiiiiiiiiiii
(FACT::disjoint NUCLEUS CELL ORGANELLE CYTOSOL RIBOSOME SPLICEOSOME

MEMBRANE ENDOPLASMIC-RETICULUM GOLGI-COMPLEX)
(FACT: :implies CELLULAR-PART (:OR NUCLEUS ORGANELLE CYTOSOL RIBOSOME

SPLICEOSOME MEMBRANE ENDOPLASMIC-RETICULUM GOLGI-COMPLEX))

rrrrrrrrrrrrrrrrrrrr o rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrorrrg

viiiviiiiiiis; RELATIONSHIPS RESTRICTIONS jjiiiiiiiiiiiiiisiiiiiiiiiiiiriiiig
(implies

(:AND protein (:SOME part-of nucleus))

(:ALL has-function (:O0R nucleic-acid-binding transcription-factor-binding)))
(implies

(:AND protein (:SOME has-function (:OR nucleic-acid-binding transcription-factor-b.

(:ALL part-of nucleus))
(implies (:AND protein (:SOME has-function (:0R cell-adhesion signal-transduction)))
(Implies (:AND protein (:SOME part-of cell-membrane)) (:ALL has-function (:0R cell-ad

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrg

; ,. ,. ,. ,. ; ; ; ; ; ; ; ; ; RELATION DOMAIN AND RANGE .....................................

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrg
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NETTAB 2oarﬂ<dg'na, July 13th, 2002.

Reasoning with DL: Refinement

Refine Biological-Space
Q(x) + Protein(x) A —=Enzyme(x) A has-function(x,w) ANucleic-Acid-Binding(w) A
is-in(x,y) ABiological-Space(y) Ais-in(y,z) ACell(z)
(AND Protein (NOT Ezime)
(SOME has-function Nucleic-Acid-Binding)
(SOME 1s-in (AND Biological-Space (SOME 1is-1n Cell)

Ref=

MSS{X | Q' =

(PROTEIN M ...M Fis-in.(X M Fis-in.Cel)) AQ T Q' AQ" =
(PROTEIN M ...T1 Jis-in.(¥Y M dis-in.Cell))s.t. Y C X AQLC

Q/l C Q’}),

P. Bresciani: “A knowledge based interface for distributed biological databases’ — p.37



Architecture

Interface
. ODBC -
- ==l -
< N -
User — PostreSQL

v

Socket Interface

KB Manager

RN
N~ _— iFact Reasoner

Configuration
files
(eg. translation
tables)

\_/—\ D
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Towards accessing more DBs
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Towards accessing more DBs

S —— - < > Semantic

interface
= !
Query builder Reporter KB
Mediator
Query Answer
planner integrator
Local Global
schemata schema
knowledge integrator
Register Query
schema

Wrapper 1

Wrapper N

NETTAB 2002. Bologna, July 13th, 2002. . ni: “A knowledge based interface for distributed biological databases” — p.39



Promising opportunities from
Agent Technologies

e accessing multiple DBs with one homogeneous
interface

 architectural flexibility (easily extensible)
* robustness (in case of redundancy)

e caching and notification (multiple users, repeated
“similar” queries)
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Conclusions and Future
Developments

A VQS prototypical system, applied to the access to
biological databases, has been introduced.

The use of KR reasoning tools adds interesting
semantic services, like:

* consistency checking of the queries;

* Intelligent incremental browsing and exploration of
the database semantics;

* effective features for relevant query refinement
and generalization.
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Conclusions and Future
Developments

A VQS prototypical system, applied to the access to
biological databases, has been introduced.

The use of KR reasoning tools adds interesting
semantic services, like:

* consistency checking of the queries;

* Intelligent incremental browsing and exploration of
the database semantics;

* effective features for relevant query refinement
and generalization.
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