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ABSTRACT

As database management systems expand their array of analytical functionality, they become powerful research
engines for biomedical data analysis and drug discovery. Databases can hold most of the data types commonly
required in life sciences and consequently can be used as flexible platforms for the implementation of
knowledgebase. Performing data analysisin the database simplifies data management by minimizing the move-
ment of data from disks to memory, allowing pre-filtering and post-processing of datasets, and enabling datato
remain in asecure, highly available environment. This article describes the Oracle Database implementation of
BLAST and Regular Expression Searches and provides case studies of their usage in bioinformatics.
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INTRODUCTION

Thecomplexity of experimenta and computationa
methods used in biological discovery hasincreased as
aresult of new biotechnol ogiesand thewealth of mo-
lecular biologica dataavailabletoday. Holistic viewsof
cellsand organismsare opening theway to the devel -
opment of more sophisticated model sand promiseto
increasethethroughput in biomedical discovery.Asa
consequence of these advancementsthere are unprec-
edented opportunitiesto discover new drugs, but at the
expenseof escalating costs.

The primary reason for therising cost of biological
discovery isthe challenge of managing and analyzing
theincreasing volumesof heterogeneoushbiologica data

Scientists need to draw together datafrom many di-
verse sources, including public databanks, proprietary
dataproviders, andinternal wet-lab experiments. Data
from these sourcesbel ong to awiderangeof datatypes,
including relationd tables, three-dimensional (3D) bio-
chemical structures, images, web pagesand flat files.
Most of thesedata, which have been developedinin-
dividual research |aboratoriesworldwideover severa
decades, often lack common dataformats, common
vocabulary and the common record identifiersthat are
needed for interoperability!™. In addition, thereisahigh
rate of development of new scientific algorithmsin
academia, whichfurther increasesthe complexity of deta
managemen.

Researchersfacing thebiol ogica datamanagement
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chalenge have been benefiting from enhancementsthat
have been made to database systemsfor thelife sci-
ences. Oracle Database, for instance, has arange of
improved datamanagement and data sharing features
that can support thebiology domain. Itsdistributed data
architecturedlowsuserstowrite queriesthat span over
relational databases|ocated |ocally and remotely, and
over datainflat files. Itisa so possibleto store severa
datatypessuch asimages, XML documents, biomedi-
cd publicationsand chemica structures. Thesefeatures,
aong with new database functionalitiesexpanded into
areassuchasonlineandytica processng (OLAP), data
mining, Saigics, regular expresson searches, text mining
and most recently BLAST®!, take database systems
far beyond simpledatarepositories. Incorporating so-
phisticated ana yticsand enhancing theinferentia ca-
pabilities of databases has been atopic of discussion
by academicsfor several years ; however, it isonly
recently that commercid enterprise databaseshavetruly
beguntotakethat step.

Embedding ana yticsin the databaseisan attrac-
tivegpproach becauseit minimizesdatamovement. Em-
bedding not only allowsthe datato stay in the data-
base, but a so enables analytical tasksto be run auto-
matically, asynchronoudy andindependently. Thistight
integration with the database provides ascalable and
automated environment, whichisrequired for the de-
vel opment and depl oyment of sophisticated andytics.
Integrating anal yticsinto adatabase enablesusersto
routinely run complex anaysisqueries. Application de-
veloperscan a sointegratethe ana ytica functionsinto
their software products.

Inthisarticle, wediscusstwo database featuresin
Oracle Database: OracleDataMining (ODM) BLAST
and Regular Expression Searches. Scientists can use
ODM BLAST to perform sequence homol ogy searches
and Regular Expression Searchesto perform pattern
matching, ingdethedatabase. These new databasefea
tures enabl e scientiststo take advantage of anew ana-
Iytical paradigmto smplify datamanagement inresearch.

BLAST

BLAST isafamily of heuriticdgorithmsfor iden-
tifyinglocal aignments between genome sequences®.
Morespecificaly, theBLAST family of agorithmscan
be used to search nucleotide and amino acid query se-
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guences aga nst databases of nucleotideandamino acid
sequences. Thediscovery of sequence homology can
hel p scientigtsto establishtheevol utionary origin of par-
ticular genes, or help to make predictionsabout protein
structureand function™. In additionto being afast al-
gorithm, animportant advantage of BLAST isthat it
providesameasureof thestatistical sgnificanceof the
alignment scores.

Oracledatamining BLAST implementation

Aversionof BLAST, likeNCBI BLAST 2.0, has
beenimplemented in Oradle Database (hitp://downl oad-
west.oracle.com/docs/cd/B14117 01/datamine.101/
b10699/6blast.ntm#76938) as a part of ODM. The
implementationindudesthefivecorevaiantsof BLAST
(BLASTP, BLASTN, BLASTX, TBLASTN and
TBLASTX). ODM BLAST providesaMATCH func-
tion that can be used to return the sequenceID, expect
value and score; and an ALIGN function that can be
used to return the sequence ID, expect value, score
andfull dignmentinformation.

The ODM BLAST API isatablefunction which
can be used in the FROM clause of an SQL query.
Thisimplementation alows ODM BLAST to bein-
voked either by embedding thefunctiondity into appli-
cationsor by ad hoc SQL queries.

The ODM BLAST tablefunction acceptsasinput
aquery sequence, areference cursor that specifiesthe
sequencesthat the query sequence needsto be searched
against, and other input parameters that control the
search. Oncethe query sequence hasbeen specified, it
ispassed onto theunderlying server side program code
asaCharacter Large OBject (CLOB). Thereference
cursor, which specifiesthetarget sequences, must con-
tain asequenceidentifier of thedatatype VARCHAR
and a sequence data string of the data type CLOB.
The programming codetakestheinput, performsthe
search and sends the results as a virtual table to the
invoking ODM BLAST tablefunction. Userscan spedify
the substitution matrix used to assign ascorefor dign-
ing any possible pair of residues. Thedifferent options
include PAM 30, PAM70, BLOSUM45, BLOSUM62
and BLOSUMS8O.

To take advantage of the ODM BLAST function-
ality, the sequence datamust be accessiblefrominside
Oracle Database 10g. The optimal way, therefore, for
usingthe ODM BLAST functiondity isto Sorethese-
quenceinformation in the database asaCLOB. How-
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ever, Oracle does provide features such as Generic
Connectivity, Trangparent Gatewaysand Externd Tables
that alow usersto query datathat isheld in non-Oracle
databasesand inexternd flat files.

ODM BLAST can befredly downloaded for non-
commercia and non-production usewith Oracle Data
base (http://www.oracle.com/technol ogy/software/
products/database/oracl e10g/index.html).

ODM BLAST case study

Research was undertaken to identify human
proteinproteininteractions using aYeast two-hybrid
(Y 2H) approachi*, Over 100 000 proteininteractions
wereidentified, but astheY 2H techniqueisknownto
generatealargenumber of false positiveresultsdueto
sticky proteinsand self interactions'?, wewanted to
verify which proteinproteininteractionswere genuine.
ODM BLAST wasusedtoinfer true-positiveinterac-
tionsby examiningwhether Smilar interactionsoccurred
inyead.

All threereading frames of chromosomes 116 of
the yeast proteome were downloaded from the Web
(Www.yeastgenome.org), aswasyeast proteinprotein
interaction datd*¥. The datafileswere converted into
CSV format and loaded into Oracle Database 10g us-
ing SQL* Loader. A PL/SQL script wasthen written
that allowed ODM BLAST to perform ahomol ogy
searchwhered| interacting human protei n sequences
were queried against theyeast proteomein aniterative
fashion. Thescriptisavailablein Figure 1 of the Supple-
mentary Material. Query performance was optimized
to get parallel throughput by running multiple ODM
BLAST threads, each of which wasiterating through a
subset of human proteins.

Asareault of theanadys's, thehuman proteinprotein
interactionsthat are Satisticaly most likely to be genu-
inewereidentified. Thishasenabled discovery efforts
to befocused on the most promising targets.

ODM BLAST offersahigh-performanceautomated
solution that minimizesthetypical datamanagement
chalenges. Thisapproach s mplified an otherwisecom-
plex sequencehomol ogy search.

REGULAR EXPRESSION SEARCHES

Regular expression sear ches overview
A Regular Expressionisasequenceof characters

that describeapatternintext. Metacharactersare used
so that matches can be performed when only the gen-
erd pattern of textisknown. Thefunctionality isuseful
insolving many different tasksinvolving text seerching
and pattern recognition.

Oracleregular expresson sear chesimplementation

Whilemiddle-tier technol ogieshavelong performed
regular expression searching, support in the backend
databaseisavaluable and often overl ooked consider-
ation. OracleRegular Expressionsprovideasimpleyet
powerful mechaniamfor rapidly describing patternsand
greatly simplifiesthe way in which users can search,
extract, format and otherwise manipulatetext in the
database (http://www.oracl e.com/technol ogy/products/
database/application_development/pdf/
TWP_Regular_Expressions.pdf).

TheOracleimplementation of Regular Expressions
conformsto the |EEE Portable Operating System In-
terface (POSIX) standard draft 1003.2/D11.2 and to
the Unicode Regular Expression Guidelines of the
Unicode Consortium. The Oracle Databasefollowsthe
exact syntax and matching semanticsfor these opera
torsasdefined in the POSIX standard for matching
ASCII (Englishlanguage) data (http://mww.opengroup.
org/onlinepubs/007908799/xbd/re.html).

The Oracle Database enhances Regular Expres-
sion support by extending the matching capabilitiesfor
multilingua databeyond what isspecifiedinthe POSI X
standard, adds support for the common Perl Regular
Expression extensions that are not included in the
POSIX standard but do not conflict with it and pro-
videshbuilt-in support for some of themost heavily used
Perl Regular Expression operators, e.g. character class
shortcutsand the non-greedy modifier.

Theimplementation of Regular Expressonscomes
intheform of arange of SQL functionsandaWHERE
clause operator. OracleRegular Expressonsareimple-
mented by interfaces that are availablein both SQL
and PL/SQL.

Table 1 SQL and PL/SQL interfaces for oracle
regular expressions
Regular expression sear ches case study

Thegoa of the case study wasto identify locally
conserved regionswithin protein sequencesthat exhibit

a predictable pattern and to annotate a proprietary
protei nprotein interaction database with thisinforma
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tion by using Oracle Regular Expressions.

The PROSITE protein motif repository wasdown-
loaded from the Web (http://www.expasy.org/prosite/
). Standard AWK and SED routineswere used to con-
vert the PROSITE datafileinto CSV format, and to
extract motif patterns and convert them into Oracle
Regular Expressions. The Oracle Regular Expressions
werethen loaded into the Oracle Database 10g using
the Externd Tablesfunctiondity.

Oncethedatawere|loadedin thedatabase, it was
possibletoiteratethrough al of the Oracle Regular Ex-
pressionstoidentify their presencein both the propri-
etary proteinprotein interaction databaseand in RefSeq
(http:/Amnww.nchi.nim.nih.gov/Ref Sety).

Oracle Regular Expressionsarevery smilarinfor-
mat to PROSITE Patterns. For example, the Tyrosine
Kinase Phosphorylation (TKP) site can berepresented
as ‘.{2,3}.{2,3}” with Oracle Regular Expressions,
whichissimilar tothe -x(2,3)—x(2,3)-Y’ expression
with PROSITE. The SQL statement for identifying the
first four instancesof the TK P sitein each protein.

It was discovered that TKP sites were found in
56% of proteinsin the protein-proteininteraction data-
base, which appeared to besignificantly higher than the
occurrence of TKP sitesin RefSeq proteins. Using
OracleRegular Expressions, it wastrivid toextend the
case study towriting queriesthat wereableto identify
themost frequently occurring protein matifsinaprotein
database and to identify the most frequently occurring
moatifsinindividud proteins.

CONCLUSIONS

Inthisarticle, we provided case studiesto show
how ascientist can perform BLAST sequence homol-
ogy searchesand Regular Expression Searchesfor pro-
tein motifswithout |eaving the Oracle Database Man-
agement System. In bothinstances, thework wasrela
tively easy to perform andinteresting resultsweregained.

Databasesaretraditionally known for their capa-
bilitiesinmanaging largevolumesof data, goringava
riety of datatypesand being ableto accessdistributed
data. However, scientistsarelessaware of theanal yti-
ca functionality embedded in databases, e.g. Satistical
anayses, supervised and unsupervised data-mining ca-
pabilitiesand the ability to perform BLAST and Regu-
lar Expression Searches.
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Therearemany advantagesto performing anaytics
inthe database. Examplesinclude not needing to take
dataout of ahighly available, secureand reliableenvi-
ronment; taking advantage of the database’sinherent
srengthswhichincludetheability to perform queriesin
paralldl andinbatch; and userscan pre-filter and post-
process queriesto get rapidly to the subset of data of
interest.

Asadvancesin science and technology are result-
inginrapidly expanding datavolumes, it becomesin-
creasingly important for scientiststo embraceinsilico
technol ogy for both managing and analyzing data. As
databases dready manage much life sciencesdata, they
provideastronganaytica platformfor drug discovery.
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