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� Bibliographic databases
� On-line journals and bibliographic citations

– MEDLINE (1971, www.nlm.nih.gov)
� Factual databases
� Repositories of Experimental data associated with published articles and

that can be used for computerized analysis
– Nucleic acid sequences: GenBank (1982, www.ncbi.nlm.nih.gov), EMBL (1982,

www.ebi.ac.uk), DDBJ (1984, www.ddbj.nig.ac.jp)
– Amino acid sequences: PIR (1968, www-nbrf.georgetown.edu), PRF (1979,

www.prf.op.jp), SWISS-PROT (1986, www.expasy.ch)
– 3D molecular structure: PDB (1971, www.rcsb.org), CSD (1965,

www.ccdc.cam.ac.uk)
� Lack standardization of data contents

� Knowledge Bases
� Intended for automatic inference rather than simple retrieval

– Motif libraries: PROSITE (1988, www.expasy.ch/sprot/prosite.html)
– Molecular Classifications: SCOP (1994, www.mrc-lmb.cam.ac.uk)
– Biochemical Pathways: KEGG (1995, www.genome.ad.jp/kegg)

� Difference between knowledge and data (semiosis and syntax)??

Molecular Biology Databases
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Growth of sequence and 3D Structure databases

Number of Entries
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� Databases
� Computerized collection of data for Information Retrieval
� Shared by many users
� Stored records are organized with a predefined set of data items

(attributes)
� Managed by a computer program: the database management system
� Schema is the specification of a logical structure of the relations

among records and attributes
� Role of databases in Bioinformatics 
� From the dissemination of published work to assisting on-going

technology, and, more recently, collaborative research
� Essential aspect of Bioinformatics needed to manage large-scale

projects and heterogeneous research groups
� Flat File Databases
� Sequential collection of entries, stored in a set of text files
� Easy for programs to handle and utilize data

Database Technology and Bioinformatics
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Example of Flat File Sequence Database

GenBank (a)
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Example of Flat File Sequence Database

GenBank (b)
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Example of Flat File Sequence Database

GenBank (a)
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Relational Databases: Codd, 1970
Relational database management system (RDBMS): Most
popular commercial database type.

� All data is organized as tables or relations between records and
attributes
� A relation associates the elements of 2 or more sets
� Example: records are papers and attributes are bibliographic info

� Selection
� Selects records according to attribute criteria (row extraction)
� E.g. papers published in YEAR=x
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Relational Database

� Projection
� Extracts columns: Projects a set of papers into a reduced set of attributes.

� Relational databases contain several tables (multiple relations)
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Relational database

� Join
� Merges records that contain matching values for specified attributes
� Example: given a value of ID join records from both tables
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Relational Algebra 

Set of Operations used for IR

� Object-oriented databases are typically more flexible, but there are not
many standard comercial products available
� Hierarchical strcuture of records with associated attributes and code. 

Inheritable.

But Relational databases are not very good at representing
hierarchical aspects of the real world.  It also typically requires
many tables to represent a data enevironment.

� Select, Project, Join
� Implemented in some language such as SQL (Structured Query Language)

– Example: SELECT * FROM CITATION_TABLE WHERE PUBLISHED_YEAR=’1995' 
– * Denotes ALL.
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Latent Databases
Using SVD

Columns of V are the
right singular values

Columns of U are the
left singular values

SVD allows us to obtain the lower rank approximations that
best approximate the original matrix.  What is lost by losing
weaker singular values, is unnecessary noise.  The underlying,
essential structure of associations between keyterms and
records is kept
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Latent Databases

Keyword × Documents
Relation is stored as a
lower k SVD
representation

Example: Small
database from 17
books reviewed by
SIAM Review 

Underlied words are
keyterms
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16×17 Keyterm × Document Matrix

Think of a database of GEA data sets (instead of or in
addition to documents), indexed by relevant genes (instead
or in addition to keyterms)
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Term × Document SVD

m=17, n=16

Rows of VT are
eigendocuments
(columns are terms)

Columns of U are
eigenterms (rows are
documents)

Columns are
terms and rows
are documents
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SVD Aprox for k=2

Document and terms
are plotted according to
coefficients in the
derived 2 eigenterms
and eigendocuments

Again think of the
gene/dataset analogy

X seems to be about
“differential equations” while
y about more general
algorithms and applications
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Keyterm Query

Eigendocuments

singular values
Query
coordinates in
reduced space
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Keyterm Query

Retrieval

For a database of
datasets, this would
mean that we would
retrieve those data
sets most relevant to
study the genes in a
query

Can also retrieve
documents close to a
set of other documents
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Scientific Databases

Information Retrieval

Datasets, analysis results, hypothesis, publications,
algorithms, simulations, software, ideas

Information
Resources

Users
(Publishing and

Retrieval)
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Distributed Knowledge Systems
Collaborative Scientific Environments

1.  Representations
of Biological Data

2.  Latent Corpora

3. Collaborative and
Recommendation
Systems

4.  Discovery of
Meta-Associations
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1. Representations of Biological Data

Data Objects and Object Architectures

� Objects capable of grouping
data sets, reports, code, etc.
� Networked, proactive containers
� Nelson’s Buckets: Intelligent Data

Agents
� Object Management Group

� Specify specific needs of
biological data

� Relates strongly to
Computational component
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Representations Of Biological Data

Semantic Markup and Exchange Protocols

� To facilitate retrieval, linking, and intelligent behavior of
data objects there is a need to characterize data
according to the needs of users.
� Standards based on XML

– GEML (Gene Expression Markup Language)
– GeneX (NCGR)

� Domains can be conceptualized as ontologies
– Bio-ontologies Consortium
– BioPathways Consortium

� Exchange protocols
– Based on RDF(S) (Resource Description Format Schema)
– Ontology Interchange Layer (OIL)
– For biological data: EcoCyc and TAMBIS.

� Aim is to select and develop appropriate representation
for our data.
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XML Repository

Example of a Record
<RECORD>

        <ARPID>ISSN_1013-9826_1998_137_55</ARPID>
        <CITATION>
                ISSN_0032-3861_1987_28_1489 <~>
                ISSN_0022-2461_1994_29_3377 <~>ISSN_0032-3861_1994_35_3948 <~>
                ISSN_0032-3861_1995_36_4587 <~> ISSN_0032-3861_1995_36_4605 <~>
                ISSN_0032-3861_1995_36_4621 <~> ISSN_0022-2461_1989_24_298 <~>
                ISSN_0032-3861_1980_21_466 <~> ISSN_0032-3861_1985_26_1855
              </REFID>
        </CITATION>
        <BIBLIO>
                <TITLE>Effect of rubber functionality on mechanical and fracture properties of impact-modified

nylon 6,6/polypropylene blends</TITLE>
                <ENUM TYPE="ENDPAGE">62</ENUM>
        </BIBLIO>
        <KEYTERMS>
                <KEYW TYPE="TITLE">rubber <~> properti <~> nylon <~> mechan <~> impact-modifi <~> function

<~> fractur <~> blend <~> /polypropylen</KEYW>
                <KEYW TYPE="KEYW_AU">PA6,6/PP blends <~> rubber-toughened nylon <~> rubber-toughened

polypropylene <~> mechanical properties <~> fracture toughness <~> J(c) <~> fractography</KEYW>
                <KEYW TYPE="KEYW_ISI">FILLED COMPOSITE-MATERIALS <~> POLYPROPYLENE BLENDS

<~> BLOCK-COPOLYMERS <~> PREDICTIVE MODEL <~> COMPATIBILIZATION <~> POLYAMIDES <~>
MORPHOLOGY <~> CAVITATION <~> PARTICLES</KEYW>

               <KEYW TYPE="AUTHOR">Wong, SC <~> Mai, YW</KEYW>
        </KEYTERMS>
</RECORD>
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GEML

Example of a Pattern File
<?xml version="1.0" standalone="no"?>
<!DOCTYPE project SYSTEM "GEMLPattern.dtd">
<project name="Hsapiens-421205160837" date="07-12-1999 12:43:48" by="jzsmith" company="JZSmith Technologies" >
        <pattern name="Hsapiens-421205160837">
              <reporter  name="XV186450"  systematic_name="XV186450" 
                                active_sequence="TCTCACTGGTCAGGGGTCTTCTCCC" start_coord="159">
                    <feature number="6878">
                         <position x="0.3333" y="0.508374" units="inches" />
                    </feature>
                    <gene primary_name="XV186450" systematic_name="XV186450" >
                         <accession database="n/a" id="XV186520" />
                    </gene>
               </reporter>
               <reporter name="T89593" systematic_name="T89593"
                                active_sequence="TACAGTGTCAGAATTAACTGTAGTC"  start_coord="201"  >
                    <feature number="6879">
                         <position x="0.340707" y="0.508374" units="inches" />
                    </feature>
                    <gene primary_name="T89593" systematic_name="T89593" >
                          <accession database="n/a" id="T89593" />
                    </gene>
               </reporter>
               <!-- Total Number of Reporters: 2 -->
        </pattern>
        <printing date="07-12-1999 12:43:48" printer="IJS 3" type="INKJET" 
                         pattern_name="Hsapiens- 421205160837" >
               <chip barcode="JZS123456781" />
               <chip barcode="JZS123456782" />
               <chip barcode="JZS123456783" />
               <chip barcode="JZS123456784" />
         </printing
</project>
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2. Latent Corpora of Biological Data

Active Databases

� Latent Corpura discovers implicit, higher-
order associations among stored objects
� Latent Semantic Analysis
� Analysis of Graph Structure

– Links, Distance Functions and Metrics
� Clustering
� Works at several levels

– Within objects, groups of objects, and the entire corpus
� In Information Retrieval latent associations

are extracted from the relation between
documents and keyterms
� For biological DKS documents are subtituted by

objects with different types of tags, leading to many
relations to be analysed.

� Relation To Machine Learning Component
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3. Collaborative and
Recommendation Systems

Adaptive and Collective Behavior

� Tasks of complex biological problems are
tackled by large teams and communities.
� The behavior of these communities can itself be

harvested to discover associations between data-
sets, hypothesis, etc.

� Recommendation systems use the collective
behavior of users (plus latent relations) to
discover, categorize, and recommend
resources and fellow researchers.
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4.  Discovery of Meta-Associations

Analysis of New Associations

� All 3 previous subcomponents aim at building the
cabability of automatic generation of associations:
� 1.  Produces intelligent data containers that keep both

author-supplied and automatic associations
� 2.  Produces databases that discover latent associations,

distance functions, and reduce dimensionality
� 3.  From collective behavior, associations are produced at

all levels.
� However, this automatic generation of associations

should be itself harvested
� For generating hypothesis about biological processes to

help generate new experiments
� Discovery of communities of interest
� DKS as research tools in addition to information retrieval

and recommendation systems.
� Relation to Machine Learning Component


