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The BioJava Tutorial

BioJavaisalibrary of open source classes intended as a framework for applications which analyse or

present biological sequence data. Thistutorial illustrates the core sequence-handling interfaces available
to the application programmer, and explains how BioJava differs from other sequence-handling libraries.
For more comprehensive descriptions of the BioJava API, please consult the JavaDoc documentation.
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Installing BioSQL
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The BioJavatutorial, like BioJavaitself, isawork in progress, and all suggestions (and offersto write
extra chapters ;) are welcome. If you see any glaring errors, or would like to contribute some
documentation, please contact Thomas Down or the biojava-l mailing list.
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About BioJava

The BioJava Project is an open-source project dedicated to providing Javatools
for processing biological data. Thiswill include objects for manipulating
sequences, file parsers, CORBA interoperability, DAS, accessto ACeDB,
dynamic programming, and simple statistical routines to name just a few things.

The BioJavallibrary is useful for automating those daily and mundane
bioinformatics tasks. Asthe library matures, the BioJavallibraries will provide a
foundation upon which both free software and commercial packages can be
devel oped.

News

Take alook at BioJavain Anger, a new website with a
collection of cookbook-style documentation for BioJava.
An experimental forum/blog has been set up. It may not be

there always or it may migrate to another platform/host
eventualy. You can find it here

BioJava 1.22 released, bugfix for Sequencel O
round-tripping errors.

BioJava 1.21 released, including BioSQL support, for
genera purpose storage of sequence datain arelational
database.

BioJava 1.20 is ready, featuring improved sequence and
blast parsers, faster dynamic programming routines, client
librariesfor DAS 1.0, and much more. Take alook at the
change log or go straight to the download area

Thereis going to be arepeat of last year's successful
"BioJava boot camp' workshop, held at the Wellcome Trust
Genome Campus near Cambridge. For more details, look
here

12th December

30th October

23th August

14th March

13t February

6th February 2002

Getting a copy of the project
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BioJavaisdistributed under LGPL. This means that you can use the libraries
without your software being forced under either the LGPL or GPL. LGPL is not
GPL.

BioJava releases can be obtained by FTP from our download area. Instructions

for installing the library, and building source releases, can be found on the
Getting started page.

Y ou can also maintain an up-to-date view of BioJavawith CVS. We provide
anonymous CV S server. If you wish to contribute your existing code or help
maintain part of the BioJava code-base, then we can supply you with a
read/write account.

Documentation

The overall design ethos of BioJavais probably the best place to start, asit
explains how BioJavais structured.

The current JavaDoc api reference should provide up-to-date api
documentation. Many of the demonstration programs have some description,
both asto their purpose, and how to run them.

Thereisalso ashort tutorial on sequence handling in BioJava.

Thanks

This site could not exist without the donations of bandwith and hardware from
Genetics Institute, Inc. and the Compag Bioinformatics Solutions Center. In
addition, we would like to thank Chris Dagdigian for maintaining the bio*
servers.
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All Classes

Packages

org.biojava.bio
org.biojava.bio.dist
org.biojava.bio.dp
org.biojava.bio.dp.onehead
org.biojava.bio.dp.twohead
org.biojava.bio.qui
org.biojava.bio.gui.sequence
org.biojava.bio.program

org.biojava.bio.program.blast2html

Overview Package Class Use Tree Deprecated Index Help
PREV NEXT FRAMES NO FRAMES

biojava

Core Packages

org.bigjava.bio

The core classes that will be used throughout the
bio packages.

org.biojava.bio.dist

Probability distributions over Alphabets.

org.biojava.bio.program.das
org.biojava.bio.program.gff
org.biojava.bio.program.phred
org.biojava.bio.program.sax
org.biojava.bio.program.search
org.biojava.bio.program.sshind
org.biojava.bio.program.xff
org.biojava.bio.program.xml
org.biojava.bio.proteomics
org.biojava.bio.search
org.biojava.bio.seq
org.biojava.bio.seq.db
org.biojava.bio.seq.db.biosql
org.biojava.bio.seq.db.emblcd
org.biojava.bio.seg.genomic
org.biojava.bio.seg.homol
org.biojava.bio.seq.impl
org.biojava.bio.seq.io
org.biojava.bio.seg.io.agave
org.biojava.bio.seq.io.game
org.biojava.bio.seq.projection
org.biojava.bio.seqg.ragbag
org.biojava.bio.symbol
org.biojava.stats.svm
org.biojava.stats.svm.tools
org.biojava.utils
org.biojava.utils.cache
org.biojava.utils.io
org.biojava.utils.stax
org.biojava.utils.xml

org.biojava.bio.sear ch

Interfaces and classes for representing sequence
similarity search results.

org.biojava.bio.seq

Classes and interfaces for defining biological
sequences and informatics objects.

org.biojava.bio.seq.db

Collections of biological sequence data.

or g.biojava.bio.seg.genomic

Interfaces for representing key features of
genomes.

org.biojava.bio.seqg.io

Classes and interfaces for processing and
producing flat-file representations of sequences.

org.biojava.bio.symbol

Representation of the Symbols that make up a
seguence, and locations within them.

Sequence databases and for mats

org.biojava.bio.program.das

Development client for the Distributed
Annotation System.

or g.biojava.bio.program.xff

Event-driven parsing system for the Extensible
Feature Format (XFF).

org.biojava.bio.seq.db.biosgl

General purpose Sequence storagein a
relational database.

Readers for the EMBL CD-ROM format binary

or g.biojava.bio.seq.db.emblcd |index files used by EMBOSS and Staden

packages.

org.biojava.bio.seg.io.agave

Classes for converting between AGAVE XML
and BioJava objects.

org.biojava.bio.seq.io.game

Event-driven parsing system for the Gene
Annotation Markup Elements (GAME).

All Classes

org.biojava.bio.seq.raghag

The Ragbag packageis a set of classes for
setting up avirtual sequence contig without the
need of writing Biojava code.

User | nterface Components

org.biojava.bio.gui

Graphical interfaces for biojava objects.

or g.biojava.bio.gui.sequence

Graphical displays of biological sequences and
associated annotations (highly experimental).
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AbstractAlignmentStyler
AbstractAlphabet
AbstractBeadRenderer
AbstractChangeable
AbstractDistribution
AbstractFeatureHol der
AbstractL ocation

Abstractl ocationDecorator
AbstractM atrixPairDPCursor
AbstractOrderNDistribution
AbstractRangel ocation
AbstractSequenceDB
AbstractSVM_ClassifierModel
AbstractSV M Target
AbstractSymbol
AbstractSymbol List
AbstractTrainer
AcnumHitReader
AcnumTrgReader

ActivityL istener
Agave2AgaveAnnotFilter
AGAVEAItldsPropHandler
AGAVEAnNnotationsHandler
AGAVEANnotFilter
AGAVEAnNnotFilter Factory
AGAVEAssemblyHandler
AGAVEBI0SeqCallbackl tf
AGAVEBIioSegHandler
AGAVEBIioSeqguenceHandler
AGAVECallbackl tf
AGAVECdsHandler
AGAVEChromosomeCallbackl tf
AGAV EChromosomeHandler
AGAVECIassificationHandler
AGAVECompResultHandler
AGAV EComputationHandler
AGAVEContigCallbackl tf
AGAVEContigHandler
AGAVEDbId

AGAVEDbI dCallbackl tf
AGAVEDDbI dPropCallbacki tf
AGAVEDbIdPropHandler
AGAVEDescPropHandler
AGAVEElementldPropHandler
AGAVEEVvidenceCallbackil tf
AGAVEEvidenceHandler
AGAV EExonsPropHandler
AGAVEFeatureCallbackl tf
AGAVEFragmentOrderHandler
AGAV EFragmentOrientationHandl er
AGAVEGeneHandler
AGAVEHandler
AGAVEIdAlias
AGAVEIdAliasCallbackl tf
AGAVEIdAliasPropHandler
AGAVEKeywordPropHandler

External Tools

org.biojava.bio.program

Javawrappers for interacting with
external bioinformatics tools.

org.biojava.bio.program.blast2html

Code for generating HTML reports from

blast output

or g.biojava.bio.program.gff

GFF manipulation.

org.biojava.bio.program.phred

Parser for Phred output

or g.biojava.bio.program.sax

Parsers which offer XML representations
of the output from common
bioinformatics tools.

or g.biojava.bio.program.sear ch

Interfaces and classes for parsing the

results of external search programs.

org.biojava.bio.program.sshind

Creation of SeqSimilaritySearchResult
objects from SAX events using the

BioJava BlastLikeDataSetCollection
DTD.

or g.biojava.bio.program.xml

Utility classesfor the
or g. bi oj ava. bi 0. program sax
package.

Dynamic Programming Packages

org.biojava.bio.dp

HMM and Dynamic Programming Algorithms.

org.biojava.bio.dp.onehead

org.biojava.bio.dp.twohead

Developers Packages

org.hiojava.bio.seq.impl

Standard in-memory implementations of
Sequence and Feat ur e.

org.biojava.bio.seq.projection

Code for projecting Feature objects into
aternate coordinate systems.

org.bigjava.utils

Miscellaneous utility classes used by other
BioJava components.

org.biojava.utils.cache

A simple cache system with pluggable caching
behaviours.

org.biojava.utils.io

1/O utility classes

org.biojava.utils.stax

The Stack APl for XML (StAX).

org.biojava.utilsxml

This package contains a number of utilities for
processing XML documents.

Experimental/New Packages

org.biojava.bio.proteomics| Utilities for analysing protein sequences.

or g.biojava.bio.seq.homol
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http://www.biojava.org/docs/api/org/biojava/bio/seq/FeatureFilter.AndNot.html
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http://www.biojava.org/docs/api/org/biojava/bio/seq/FeatureFilter.ByClass.html
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http://www.biojava.org/docs/api/org/biojava/bio/seq/FeatureRealizer.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/FeatureRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/FeatureTableParser.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/FilteringRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/FilterUtils.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/FiniteAlphabet.html
http://www.biojava.org/docs/api/org/biojava/utils/cache/FixedSizeCache.html
http://www.biojava.org/docs/api/org/biojava/utils/cache/FixedSizeMap.html
http://www.biojava.org/docs/api/org/biojava/utils/stax/FloatElementHandlerBase.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/Frame.html
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http://www.biojava.org/docs/api/org/biojava/bio/seq/FramedFeature.ReadingFrame.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/FramedFeature.Template.html
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http://www.biojava.org/docs/api/org/biojava/bio/symbol/FuzzyLocation.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/FuzzyLocation.RangeResolver.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/FuzzyPointLocation.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/FuzzyPointLocation.PointResolver.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEAnnotationHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEAspectPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEDbxrefPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEDescriptionPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEFeatureCallbackItf.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEFeatureSetHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEFeatureSetPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEFeatureSpanHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEGenePropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEMapPosPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMENameCallbackItf.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMENamePropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMEResiduesPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMESeqPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMESeqRelPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMESpanPropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMETranscriptCallbackItf.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/game/GAMETypePropHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/dist/GapDistribution.html
http://www.biojava.org/docs/api/org/biojava/bio/program/phred/GappedPhredSequence.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/GappedSymbolList.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/GenbankFileFormer.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/GenbankFormat.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/GenbankProcessor.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/GenbankProcessor.Factory.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/genomic/Gene.html
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http://www.biojava.org/docs/api/org/biojava/bio/seq/GeneticCodes.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFDocumentHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFEntrySet.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFErrorHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFErrorHandler.AbortErrorHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFErrorHandler.SkipRecordErrorHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFFilterer.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFParser.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFRecord.html
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http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFRecordFilter.html
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http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFRecordFilter.SequenceFilter.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFRecordFilter.SourceFilter.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/GFFWriter.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/db/HashSequenceDB.html
http://www.biojava.org/docs/api/org/biojava/bio/program/ssbind/HitDescHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/program/ssbind/HitIdHandler.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/homol/Homology.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/homol/HomologyDB.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/homol/HomologyFeature.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/homol/HomologyFeature.Template.html
http://www.biojava.org/docs/api/org/biojava/bio/program/blast2html/HTMLRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/db/IDMaker.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/db/IDMaker.ByName.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/db/IDMaker.ByURN.html
http://www.biojava.org/docs/api/org/biojava/bio/dist/IgnoreCountsTrainer.html
http://www.biojava.org/docs/api/org/biojava/bio/program/gff/IgnoreRecordException.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/IllegalAlphabetException.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/db/IllegalIDException.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/IllegalSymbolException.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/IllegalTransitionException.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/db/Index.html
http://www.biojava.org/docs/api/org/biojava/bio/dist/IndexedCount.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/db/IndexedSequenceDB.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/db/IndexStore.html
http://www.biojava.org/docs/api/org/biojava/utils/xml/Initializable.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/IntegerAlphabet.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/IntegerAlphabet.IntegerSymbol.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/IntegerTokenization.html
http://www.biojava.org/docs/api/org/biojava/utils/stax/IntElementHandlerBase.html
http://www.biojava.org/docs/api/org/biojava/stats/svm/ItemValue.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/LabelRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/LabelRenderer.RenderNothing.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/LayeredRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/LazyFeatureHolder.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/twohead/LightPairDPCursor.html
http://www.biojava.org/docs/api/org/biojava/stats/svm/LinearKernel.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/LineInfo.html
http://www.biojava.org/docs/api/org/biojava/stats/svm/ListSumKernel.html
http://www.biojava.org/docs/api/org/biojava/utils/ListTools.html
http://www.biojava.org/docs/api/org/biojava/utils/ListTools.Doublet.html
http://www.biojava.org/docs/api/org/biojava/utils/ListTools.Triplet.html
http://www.biojava.org/docs/api/org/biojava/utils/ListWrapper.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/Location.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/Location.EmptyLocation.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/Location.LocationComparator.html
http://www.biojava.org/docs/api/org/biojava/bio/program/xff/LocationHandlerBase.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/LocationTools.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/LogoContext.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/LogoPainter.html
http://www.biojava.org/docs/api/org/biojava/utils/stax/LongElementHandlerBase.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/MagicalState.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/MarkovModel.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/MarkovModel.DistributionForwarder.html
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http://www.biojava.org/docs/api/org/biojava/bio/proteomics/MassCalc.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/twohead/MatrixPairDPCursor.html
http://www.biojava.org/docs/api/org/biojava/bio/program/Meme.html
http://www.biojava.org/docs/api/org/biojava/bio/MergeAnnotation.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/MergeFeatureHolder.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/ModelInState.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/ModelTrainer.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/MSFAlignmentFormat.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/MultiLineRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/NameTokenization.html
http://www.biojava.org/docs/api/org/biojava/bio/program/blast2html/NcbiDatabaseURLGenerator.html
http://www.biojava.org/docs/api/org/biojava/utils/NestedError.html
http://www.biojava.org/docs/api/org/biojava/utils/NestedException.html
http://www.biojava.org/docs/api/org/biojava/stats/svm/NestedKernel.html
http://www.biojava.org/docs/api/org/biojava/utils/NestedRuntimeException.html
http://www.biojava.org/docs/api/org/biojava/stats/svm/NormalizingKernel.html
http://www.biojava.org/docs/api/org/biojava/utils/ObjectUtil.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/OptimizableFilter.html
http://www.biojava.org/docs/api/org/biojava/bio/dist/OrderNDistribution.html
http://www.biojava.org/docs/api/org/biojava/bio/dist/OrderNDistributionFactory.html
http://www.biojava.org/docs/api/org/biojava/bio/OverlayAnnotation.html
http://www.biojava.org/docs/api/org/biojava/utils/OverlayMap.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/OverlayMarker.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/OverlayRendererWrapper.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/PaddingRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/dist/PairDistribution.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/twohead/PairDPCursor.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/twohead/PairDPMatrix.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/PairwiseDiagonalRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/twohead/PairwiseDP.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/PairwiseFilteringRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/PairwiseOverlayRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/PairwiseRenderContext.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/PairwiseSequencePanel.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/PairwiseSequenceRenderer.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/sequence/PairwiseSequenceRenderer.PairwiseRendererForwarder.html
http://www.biojava.org/docs/api/org/biojava/utils/ParseErrorEvent.html
http://www.biojava.org/docs/api/org/biojava/utils/ParseErrorListener.html
http://www.biojava.org/docs/api/org/biojava/utils/ParseErrorSource.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/io/ParseException.html
http://www.biojava.org/docs/api/org/biojava/utils/ParserException.html
http://www.biojava.org/docs/api/org/biojava/bio/program/sax/PdbSAXParser.html
http://www.biojava.org/docs/api/org/biojava/bio/program/PdbToXMLConverter.html
http://www.biojava.org/docs/api/org/biojava/bio/program/phred/PhredFormat.html
http://www.biojava.org/docs/api/org/biojava/bio/program/phred/PhredSequence.html
http://www.biojava.org/docs/api/org/biojava/bio/program/phred/PhredTools.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/PlainBlock.html
http://www.biojava.org/docs/api/org/biojava/bio/gui/PlainStyle.html
http://www.biojava.org/docs/api/org/biojava/bio/symbol/PointLocation.html
http://www.biojava.org/docs/api/org/biojava/stats/svm/PolynomialKernel.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/genomic/PrimaryTranscript.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/genomic/PrimaryTranscript.Template.html
http://www.biojava.org/docs/api/org/biojava/bio/dp/ProfileHMM.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/ProjectedFeatureHolder.html
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http://www.biojava.org/docs/api/org/biojava/bio/seq/projection/ProjectionContext.html
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http://www.biojava.org/docs/api/org/biojava/bio/seq/io/ProteinRefSeqProcessor.Factory.html
http://www.biojava.org/docs/api/org/biojava/bio/seq/ProteinTools.html
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BioJava: Symbols and SymbolLists

By Thomas Down

This chapter covers the fundamentals of accessing biological sequence data from BioJava, and explains how BioJava's
treatment of sequences differs from other libraries. This chapter refers to Java API defined in the packages

or g. bi oj ava. bi 0. synbol andor g. bi oj ava. bi 0. seq. For acomplete overview of the APIs provided by
these packages, please consult the JavaDoc documentation.

NOTE: this chapter has been updated for BioJavarelease 1.2.

Symbols and Alphabets

When biological sequence data first became available, it was necessary to find a convenient way to communicate it. A
logical approach isto represent each monomer in a biological macromolecule using asingle letter -- usualy the initial
letter of the chemical entity being described, for instance "T' for thymidine residues in DNA. When this data was
entered into computers, it was logical to use the same scheme. A lot of computational biology software is based on
normal string handling APIs. While the notion of a sequence as a string of ASCII characters has served us well to
date, there are several issues which can present problems to the programmer:

Validation

It is possible to pass any string to aroutine which is expecting a biological sequence. Any validation has to be
performed on an ad hoc basis.

Ambiguity

The meaning of each symbol is not necessarily clear. The "T' which means thymidinein DNA isthe same T
which is athreonine residue in a protein sequence

Limited al phabet

While there are obvious encodings for nucleic acid and sequence data as strings, the same approach does not
always work well for other kinds of data generated in biological sequence analysis software

BioJavatakes arather different approach to sequence data. Instead of using a string of ASCII characters, a sequence
ismodelled as alist of Java objects implementing the Synbol interface. This class, and the others described here, are
part of the Java package or g. bi oj ava. bi 0. synbol .

public interface Synbol ({
public String getNane();
public Annotation get Annotation();
publ i c Al phabet get Matches();

}

All Synmbol instances have anane property (for instance, Thymidine). They may optionally have extra information
associated with them (for instance, information about the chemical properties of a DNA base) stored in a standard
BioJava data structure called an Annot at i on. Annotations are just set of key-value data. The final method,

get Mat ches, isonly important for ambiguous symbols, which are covered at the end of this chapter.

The set of Synbol objects which may be found in a particular type of sequence data are defined in an Al phabet . It
it always possible to define custom Symbols and Alphabets, but BioJava supplies a set of predefined al phabets for
representing biological molecules. These are accessible through a central registry called the Al phabet Manager ,
and through convenience methods.

Fi ni t eAl phabet dna = DNATool s. get DNA() ;
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Iterator dnaSynbols = dna.iterator();

whi | e (dnaSynbol s. hasNext ()) {
Synmbol s = (Synbol) dnaSynbol s. next () ;
Systemout. println(s. getNane());

}
SymbolList: the simple sequence

The basic interface for sequence datain biojavais Synbol Li st . Every SymbolList has an associated Alphabet, and
may only contain Symbols from that al phabet. SymbolLists can be seen as strings which are made up of Symbol
objects rather than characters. The interface specifies methods for querying the alphabet and length, and accessing the
Symbols:

Synbol Li st seq = get SoneSequence();

Systemout.println("Al phabet = " + seq. get Al phabet (). get Nane());
Systemout.printin("Length =" + seq.length());
Systemout.printin("First synmbol =" + seq.synbol At(1).getNane());

Note that numbering of Symbols within the SymbolList runsfrom 1 to length, not from O to length-1 asis the case
with Java strings. Thisis consistent with the coordinate system found in files of annotated biological sequences.

There are several other standard methods in the SymbolList interface. subLi st returns anew SymbolList
representing part of the sequence, just like the subst r i ng method of the St r i ng class. seqSt ri ng returnsa
normal string representation of the sequence. This latter method will only work if the SymbolList uses an aphabet
where all symbols have their t oken property defined. However, since thisis true of the commonly used DNA and
protein alphabets, this method is useful if you need interaction between BioJava and legacy sequence analysis code.

The Synbol Li st interface does not define any methods for modifying the underlying sequence data. Future
versions of BioJavamay aso include a Mut abl eSynbol Li st interface.

Doesn't this all waste memory?

A common concern with BioJava's Symbol/SymbolList model isthat it must use much more memory than asimple
string-based approach to sequence storage. It should be stressed that BioJava does not use a separate object to
represent each nucleotide in along DNA sequence. In fact, there are just four “singleton’ Synbol objects which
represent the symbols found in the DNA a phabet. These can be accessed at any time using static methods of the
DNATool s class. Whenever athymidine residue is stored in a sequence, all that isreally stored is areference to the
singleton thymidine object. Typically, this takes up four bytes of memory: more than the two bytes used by a Java
char , but still manageable.

A SymbolList can be stored
as a list of references to
singleton objects

A SymbolList can be stored as alist of references to singleton objects

Actualy, it is possiblein principle to store a DNA sequence (without gaps or ambiguous residues) using only two bits
per residue. Since the BioJava Synbol Li st isan interface, it only defines how the sequence should be accessed --
not how datais stored. If space isimportant, it is possible to implement a “packed' implementation of Synbol Li st .
Client code need never worry about the underlying data model.

BioJava's object oriented view of sequences brings other advantages. Many programs which analyse DNA sequences
need to have simultaneous access to the original sequence and that of its complementary strand. In BioJavathisis

easy.
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Synbol Li st forward = get Sequence();

Synbol Li st backward = DNATool s. rever seConpl enent (f orward) ;

Systemout.println("First base: " + forward. synbol At (1).getNane());

Systemout. println("Conplenent: " + backward. synbol At (backward. | ength()).
get Name()) ;

Since the reverse complement of a DNA sequence is a simple programmatic transformation, BioJava doesn't need to
physically store the sequence in memory at all. Instead, it just creates a special implementation of the Synbol Li st
interface, which computes the reverse strand sequence on the fly. Thiswill typically cost just afew bytes of memory
regardless of the sequence length, compared to megabytes for a string representation of atypical genome sequence.

How do | access my sequence data?

Each Al phabet object can have one or more Synbol Tokeni zat i on implementations associated. These are
two-way mappings between Synbol objects and textual representations of the data. They are the primary mechanism
for creating new SymbolL.ists from existing (character-encoded) sequence data. By convention, any Alphabet which
has a commonly accepted textual representation has a Symbol Tokenization called “token' associated:

String seqString = "GATTACA";

Al phabet dna = DNATool s. get DNA() ;

Synbol Tokeni zati on dnaToke = dna. get Tokeni zati on("t oken");

Synbol Li st seq = new Si npl eSynbol Li st (dnaToke, seqgString);

String seqString2 = dnaToke. t okeni zeSynbol Li st (seq);
Systemout.printIn("Strings match: " + seqString2. equal sl gnoreCase(seqString));

Thislow-level parsing mechanism is supplemented by a more sophisticated sequence I nput/Output framework,
defined in the package or g. bi oj ava. bi 0. seq. i 0. Thisuses pluggable file format converters, and can currently
read and write in Fasta, EMBL, and Genbank formats. BioJava can also fetch data from services such as DAS, and
BioCorba, and access databases such as those used by the Ensembl project (additional packages are required to
BioCorba and Ensembl support).

What about the Sequence interface?

Until this point, we have concentrated on the Synbol Li st interface which, as its name suggests, isaraw list of
Synbol references. Real entries in sequence databases are more complicated than this: sequences amost always
have some kind of 1D code or description associated, and many are also accompanied by tables of annotations. In
BioJava, Sequence isasubinterface of SymbolList which adds anane property, plus a mechanism for querying
tables of features.

The genera ruleisthat the Sequence interface is normally used for sequences which have been loaded into a
program from files or databases. Synbol Li st may be a more appropriate type for sequences generated internally by
an analysis program.

A simple example

The following program is a very simple example, which reads one or more DNA sequences from a FASTA format
datafile and reports the GC content of each. This exampleisa(very) simple application of the BioJava Sequence 1/0
framework, described in later chapters. Used as below, it allows you to iterate over al the sequencesin a
multiple-entry file, rather than holding all of them in memory at once.

I nport java.io.?*;
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| nport org. bi oj ava. bi 0. synbol . *;
I nport org. bi oj ava. bi 0. seq. *;
I mport org. bi oj ava. bi 0. seq.i 0. *;

public class GCContent {
public static void main(String[] args)
t hrows Exception

{

if (args.length I'= 1)

t hrow new Exception("usage: java GCContent filenanme.fa");
String fileName = args[0];
/1 Set up sequence iterator
Buf f er edReader br = new Buf f er edReader (

new Fi | eReader (fil eNane));

Sequencel terator stream = Seql OTool s. readFast aDNA( br) ;
/1l lterate over all sequences in the stream
whil e (stream hasNext()) {

Sequence seq = stream next Sequence();

int gc = 0;

for (int pos = 1; pos <= seq.length(); ++pos) {

Synbol sym = seq. synbol At (pos);
if (sym == DNATools.g() || sym == DNATools.c())
++(C;
}
Systemout.println(seq.getNane() + ": " +
((gc * 100.0) / seq.length()) +
")
}
}

}
Ambiguous symbols

Sometimes, it is useful to represent sequences which are not perfectly defined. In such cases, it is common to use
ambiguous symbols. A common example isthe 'N' character in DNA sequences, which is used to indicate parts of a
sequence where the sequencing traces were difficult to interpret. Sometimes, runs of Ns are also used to indicate gaps
in assemblies. In the case of DNA, additional ambiguity symbols have been defined, covering all possible
combinations of the four bases. For instance, the symbol 'W' realy means (A or T).

Within the BioJava object model, it is possible to inspect any ambiguous symbol to determine the set of atomic
symbols which it matches, using the get Mat ches method. Atomic symbols can be considered to be the special case
where get Mat ches returns a set whose size is exactly one. As a conveniece, atomic symbols also implement the

At om cSynbol interfaces.

Y ou might want to modify the GCContent program, above, so as to ignore any ambiguous symbols in the input
sequence.
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BioJava sequences tutorial 0.3 by Thomas Down. Please mail any comments or suggestions to the author or to the
biojava-l mailing list.
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BioJava: Sequences and Features

By Thomas Down

Chapter 1 of thistutorial covered the Synbol Li st interface, BioJava's basic representation of
biological sequence data. This chapter examines the Sequence interface. This adds extra functionality
to Synbol Li st , providing a convenient way to handle annotated sequences from biological database.
This chapter concentrates on classes and interfaces defined in the package or g. bi 0j ava. bi 0. seq.
For full descriptions of al the API used here, please consult the JavaDoc documentation.

A tour of a Sequence

Sequence isasub-interface of Synbol Li st . Thus, all the standard methods for accessing sequence
datainaSynbol Li st can equally be applied to a Sequence, and Sequences can be passed to any
analysis methods which normally expect to receive aSynbol Li st . The Sequence interface adds two
types of additional datato a Synbol Li st

« Global annotations, such as names, database identifiers, and literature references
« Location-specific annotations (features)

Two pieces of global annotation information are considered to be sufficiently important that they have
dedicated accessor methods. The nane of the Sequence is a ssimple string description of the Sequence:
normally the name or accession number of the Sequence in the database from which it isretrieved. The
get URN method, on the other hand, should return a more structured identifier for the sequence,
represented as a Uniform Resource Identifier (URI) e.g.:

e urn:sequence/ enbl : AL121903

e file:///home/thomas/ genone. f ast al r poN

e« http://adzel.cassei opei a. org/ seqgs/ nyseqs. fast al seq0001

o acedb:// hunace. sanger. ac. uk/ DNA/ AL121903

URNSs are a special class of URIswhich represent global names for “well known' resources. Note that,
despite the method name, it may not be appropriate to give an actual URN for sequences. However, for
sequences from databases such as EMBL, where many sites have local installations, use of URNsis
encouraged.

The exact use of the nanme and URN propertiesis currently dependent to some extent on how the
sequence was loaded. As BioJava enters more common use, more formal definitions of these properties
will emerge.
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Other annotations

In additions to the two “identifier' properties of the Sequence, it may have other annotation data
associated with it. BioJava contains an Annot at i on interface, which represents a set of key-value
pairs, alittle like a Java Map (indeed, Annot at i on hasan asMap method).

Sequence seq = get Sequence();

Annot ati on segAn = seq. get Annotation();

for (lterator i = segAn.keys().iterator(); i.hasNext(); ) {
Cbj ect key = i.next();
(bj ect val ue = seqgAn. get Property(key);

Systemout. println(key.toString() + ": " + value.toString());

}

Annot at i on objects aren't just used in Sequences -- many other BioJava objects, including Features,
can also have annotations associated with them.

Currently, there are no specific conventions for the kind of data which might be found in an

Annot at i on. In general, the keys should be strings (although there is no requirement that this be the
case). But the values may be any Java object. More guidelines for the contents of Annot at i on objects
may be introduced as BioJava develops.

Features and FeatureHolders

A Feat ur e represents aregion of a sequence with some defined properties attached. Typically, features
might represent structures such as genes and repeat el ements on chromosomes, or alpha helicesin
proteins. As aJavainterface, Feat ur e hasthe following basic properties:

« A location within the sequence, represented by aLocat i on object. This has adefined start and
end (equal in the case of point locations), and may or may not be contiguous.

« A type (for instance, "gene" or “"helix").
« A source (often the name of the program which discovered the feature.
« An Annotation object, which can contain any other data.

In addition, all Features have aplace in a "tree' of Features, attached to a Sequence. Features cannot be
created independently of a Sequence.

If alarge class of features exists which have important properties over and above those represented in the
Feat ur e interface, a sub-interface of Feat ur e may be defined. Currently, thereis only one such
sub-interface in the BioJava core: St r andedFeat ur e. Thisis used for features in duplex DNA which
have a defined directionality. For instance, genes would normally be represented with StrandedFeatures,
while some kinds of regulatory region might be plain Features.

Sets of Features are stored in objectsimplementing the Feat ur eHol der interface. Sequence isa
sub-interface of Feat ur eHol der . Feat ur e itself also extends Feat ur eHol der , giving the
possibility of representing "nested' features. For instance, a Feat ur e representing alarge genetic
regulatory region might contain sub-features annotating individual transcription factor binding sites. The

http://www.biojava.org/tutorials/chap2.html (2 di 4) [02/04/2003 13.39.43]



BioJava tutorial 2 -- Sequences and Features

recursive method below will print a simple text representation of atree of features:

public void printFeatures(FeatureHol der fh,
PrintWiter pw,
String prefix)

{
for (Iterator i = fh.features(); i.hasNext(); ) {
Feature f = (Feature) i.next();
pw. print (prefix);
pw. print(f.getType());
pw.print(" at ");
pw. print(f.getLocation().toString());
pw. println();
print Features(f, pw, prefix + " ")
}
}

al Feat ur e implementations include two methods which indicate how it fitsinto afeature tree.

get Par ent returnsthe Feat ur eHol der (Seguence or Feature) which isthe feature'simmediate
parent, while get Sequence returns the Sequence object which isthe root of the tree. Feature objects
are always associated with a specific sequence, and always have exactly one parent Feat ur eHol der .

Creating new features

It is expected that there will never be any publicly visible implementations of Feat ur e or its
sub-interfaces. Instead, features should be produced using the cr eat eFeat ur e method of a

Feat ur eHol der . This ensures that there are no “orphan' features, not properly attached to a parent
Sequence. It aso gives Sequence implemetors the chance to control the attachment of features to
their sequence class. Some sequences may only accept certain kinds of feature. Other implementations,
especially those intimately coupled with database storage mechanisms, may wish to use their own special
implementations of the Feat ur e interface.

Thecr eat eFeat ur e method has the following signature:

public Feature createFeature(Feature. Tenpl ate tenpl ate);

there is no requirement that a particular Feat ur eHol der should include aworking implementation of
thismethod. If it is not possible to create a new child feature, Unsuppor t edQper at i onExcepti on
will be thrown. In particular, this method is only implemented by Sequence and Feat ur e objects.
When Feat ur eHol der instances are used to return arbitrary "bags of features, they will never support
this method.

Feat ur e. Tenpl at e isaconcrete nested class of the Feat ur e interface. It just contains public fields
corresponding to each property of Feat ur e. A feature could be attached to a Sequence as follows:

Feature. Tenpl ate tenplate = new Feature. Tenpl ate();
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tenpl ate.type = "Test Feature";

tenpl ate. source = "Test",;

tenpl ate. |l ocati on = new RangelLocati on(100, 200);
tenpl ate. annot ati on = Annot ati on. EMPTY_ANNOTATI ON;
nmySequence. cr eat eFeat ure(tenpl ate);

Every sub-interface of Feat ur e should have a nested class, also named Tenpl at e, which extends
Feat ur e. Tenpl at e and adds any extra fields needed to construct that specialized kind of feature.

BioJava sequences tutorial 0.1 by Thomas Down. Please mail any comments or suggestions to the author
or to the biojava-l mailing list.
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BioJava: Sequence I/O basics

By Thomas Down

This chapter covers the BioJava support for handling biological sequence data available in the form of files.
It covers API provided by the package or g. bi o] ava. bi 0. seq. i 0. For acomplete overview of the API
provided in this package, consult the JavaDoc documentation.

NOTE: this chapter has been updated for the BioJava 1.2 release.

Getting started with sequence I/O

The BioJava sequence 1/O code is designed to be flexible and easy to adapt for a wide variety of purposes.
However, if you don't need this flexibility, there are some convenience methods which set up the parsers for
reading avariety of common formats. All these methods take a Java Buf f er edReader , and return an
iterator which allows you to scan through the sequencesin afile. For example:

Buf f er edReader br = new BufferedReader (new Fil eReader (fil eNane));
Sequencelterator stream = Seql OTool s. readFast aDNA( br) ;
whil e (stream hasNext()) {

Sequence seq = stream next Sequence();

/1 do sonething with the sequence.

}

For afull list of formats supported in thisway, check the Javadoc documentation for the SeqlOTools class.

Sequence input goals

A typical biological sequence file contains three things:
« Global information about the sequence (1D, species, etc.)
« Annotationsto specific regions of the sequence.
« Actua sequence data

Actual file formats need not provide all of these. For instance, FASTA files contain amost pure sequence
data -- the only other information is a single description line for each sequence. At the other extreme, GFF
filesare ssimply alist of features, with no sequence datain thefile.

A BioJava Sequence object contains the same kinds of information as a sequence file. The primary aim of
the input architecture is obviously to take a stream containing sequence file data, and return one or more
Sequence objects. In addition, we there are two other goals:

Decoupled Sequence creation

BioJava represents sequence data using the Sequence interface. We allow multiple implementations
of thisinterface, which might be optimized for quite specific purposes. Some implementations will be
purely in-memory objects, while others might be persistant objects reflecting data in some kind of
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database. We want to allow you to create any kind of Sequence object from a given data stream.
Pluggablefilters

Not all userswill wish to exactly reflect the contents of a sequence file asa Sequence object.
Sometimesiit is useful to select specific pieces of datafrom afile, or to change it into some other
format. For instance, BioJava has a hierarchical model for features attached to a sequence, whereas
many file formats (for instance, EMBL) do not. Y ou might wish to rebuild some kind of feature
hierarchy from an EMBL flatfile during the parsing process.

SequenceBuilders

The sequence input framework is based around the SequenceBui | der interface (thisisactually a
sub-interface of Seql OLi st ener, but for these purposes you will usually be using SequenceBui | der).
The role of a SequenceBuilder isto accumulate information discovered while parsing a sequencefile, and
ultimately to construct a Sequence object.

There are two kinds of SequenceBuilder implementation.
Builders

These actually contruct new Sequence objects. Generally, there will just be one Builder
implementation for each Sequence implementation. The basic BioJava library provides one Builder
implementation, Si npl eSequenceBui | der , which constructs simple in-memory representations
for any kind of sequence data.

Filters

These don't construct Sequence objects themselves, but are chained to another SequenceBui | der .
When they are notified of data, they perform some processing, then pass the information on to the next
SequenceBuilder in the chain.

Whenever aSequenceBui | der isrequired, you can either ssmply provide a "Builder' implementation, or
you can create a chain consisting of one or more “Filters, leading ultimately to a "Builder'.

A SequenceBui | der object should only be used once. If multiple sequences are being read from a
stream, anew SequenceBui | der (or chain) should be constructed for each one. For convenience, we
provide aSequenceBui | der Fact or y interface, whose sole purpose is to encapsul ate the construction
of SequenceBuilders. Each SequenceBuilder implementation should provide a suitable factory
implementation as well.

For "Builder' implementations, it is usually possible to provide a “singleton' factory object. For

Si npl eSequenceBui | der thisisthe static field Si npl eSequenceBui | der . FACTORY. For filters,
the factory must be parameterized with another SequenceBui | der Fact or y so that a complete chain
can be constructed. For instance:

SequenceBui | der Factory nySBF =
new Enbl Processor. Fact ory(Si npl eSequenceBui | der. FACTORY) ;

Authors of new SequenceBui | der implementations are encouraged to consider this naming style when
implementing SequenceBui | der Fact ory.
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Putting it together: StreamReader

The ssimplest way to use the BioJava sequence input code is to construct a StreamReader. The constructor
takes four paramters:

« A normal JavaBuf f er edReader , encapsulating the stream of datato parse.
« A SequenceFor mat object, which isresponsible for actually parsing sequence data from the

stream.
« A Synbol Tokeni zat i on, which represents a mapping from textual charactersto BioJava
Synbol objects.

o A SequenceBui | der Fact or y to support construction of Sequence objects.
A St r eanrReader might be constructed as follows:

Al phabet dna = DNATool s. get DNA() ;
Symbol Tokeni zati on dnaParser = dna. get Tokeni zati on("token");
Buf f er edReader br = new BufferedReader (
new Fi | eReader (fil eNane));
SequenceBui | der Factory sbf = new FastaDescri ptionLi neParser. Fact ory(
Si npl eSequenceBui | der . FACTORY) ;

StreanReader stream = new StreanReader (br,

new Fast aFormat (),

dnaPar ser,

fact);

(thisisjust a snippet from the example program in chapter 1, and you may like to refer back for more
information).

The St r eanReader classimplementsthe Sequencel t er at or interface, so you can easily iterate over
all sequencesin a stream:

whil e (stream hasNext()) {
Sequence seq = stream next Sequence();
/| Perform sonme processing on seq

}
Another application: IndexedSequenceDB

As biology enters the post-genomic era, it is common to need to work with databases of sequence data far
too large to fit in available memory. One way to handle large amounts of sequence isto use a dedicated
database system: either a specialized solution such as ACeDB or a set of tables in a standard database
application, as used by the Ensembl project. If, however, you don't wish to use one of these solutions,
BioJava offers a ssimple and efficient sequence database implementation backed by one or more sequence
fileson disk. These files can bein any format, so long as a suitable SequenceFor mat class exists.

As asimple example of an IndexedSequenceDB in use, the following servlet retrieves sequences from a
large database, and sends them on to the client in FASTA format. The database could be created using the
Createlndex and AddFiles programs included in the BioJava demos directory.

i nport java.io.?*;
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| nport javax.servlet.*;
I nport javac.servlet.http.*;

I nport org. bi oj ava. bi 0. synbol . *;
i nport org. bi oj ava. bi 0. seq. *;

I nport org. bi oj ava. bi 0. seqg.1o0.*;
I nport org. bi oj ava. bi 0. seq. db. *;

public class SequenceServlet extends H tpServlet {
private SequenceDB i ndexedDB; /| Database to serve
private SequenceFormat seqFormat; // Used for witing

public void init(ServletConfig config)
t hrows Servl et Exception

{
super.init(config);
String dbName = config.getlnitParaneter("sequence. db");
I f (dbName == nul )
t hrow new Servl et Excepti on(" Dat abase not specified");
try {
Tabl ndexSt ore i ndex = Tabl ndexSt or e. open( dbNane) ;
I ndexedDB = new | ndexedSequenceDB(i ndex) ;
} catch (Exception ex) {
| og(" Can't open sequence database: " + dbNane, ex);
t hrow new Servl et Exception();
}
segFormat = new FastaFormat () ;
}

public void doGet (HttpServl et Request req,
Htt pSer vl et Response resp)
t hrows Servl et Exception, | CException

String id = req. getParaneter("id");
if (id == null) {
resp. sendError (Htt pServl et Response. SC_NOT_FOUND,
“"No id paraneter in request");
return;

}

try {
Sequence seq = i ndexedDB. get Sequence(i d);

resp. set Cont ent Type("text/plain");
PrintStream stream = new PrintStrean(resp. getQutputStrean());
seqFormat . wri t eSequence(seq, stream;
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} catch (Bi oException ex) {
l og("Can't retrieve sequence", ex);
resp. sendError (Htt pServl et Response. SC_NOT_FOUND,
“"Couldn't | oad sequence " + id);

}

BioJava sequences tutorial 0.3 by Thomas Down. Please mail any comments or suggestions to the author or
to the biojava-l mailing list.
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Changeability, Mutability and Events
By Matthew Pocock

BioJava contains a powerful API for communicating when objects wish to change their state, and
potentialy preventing them from changing if it would invalidate the state of another object, all without
violating the principals of encapsulation. The main classesareintheor g. bi oj ava. uti | s package
and include Changeabl e, ChangeEvent , ChangelLi st ener, ChangeType and

ChangeVet oExcept i on . For full descriptions of al the API used here, please consult the JavaDoc

documentation.

What is the difference between Changeability and
Mutability?

Many Java objects are mutable. That is, you can invoke methods that change their state. The

Col | ect i ons API supplys mutable implementations of the Li st interface. There is also a method
Col | ections. i mut abl eLi st (Li st |) that returnsaview of the underlying list where the
mutators throw exceptions. Through this view object there is no way to edit the list. However, if the
underlying list is modified then the 'imutable’ view will reflect this. That is, although it isimmutable, it is
still changeable.

Things get even more complicated in the world of Bioinformatics. Many instances need to be mutable
with respect to some clients and immutable for others. Also, some processes rely on objects remaining
constant throughout. Y ou can't perform a database search reliably if the database is being modified.
However, once the search is complete there is no reason not to change the database. This transient
immutability can't be modeled using the design pattern used for the Col | ect i ons. The situation above
Is complicated even further because while a search is going on, every single sequence must be
maintained in an uneditable state. However, a search object realy doesn't want to go through the process
of modifying every single sequence object. Thiswould be very ineficient. Something more flexibleis
needed, and the Changeability API isit.

What is a ChangeEvent ?

ChangeEvent extendsj ava. uti | . Event Cbj ect and adds the methods:
. get Change - the new value
« get Previ ous - theold vaue
« get Type - the'type of event
« get Chai ned - an event that caused this event to be fired

In constrast to the classical Java events model, one event classis shared among all types of BioJava
events. The 'type' of the event is signaled by the value of the type property. ChangeType isafina
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class. Each interface that will fire ChangeEvent swill have public static final ChangeType fields with
descriptive names. ChangeEvent objects store a descriptive name but are always compared with the
== operator. This scheme is atype-safe extention of the Swing Pr oper t yChangeEvent system but
BioJava interfaces explicitly publish what types of event they may fire.

Changeli st ener: The contract for handeling
events

Objects that wish to be informed of ChangeEvent s must implement the ChangelLi st ener interface.
This has just two methods:

. preChange( ChangeEvent ce)
« post Change( ChangeEvent ce)

An object will invoke pr eChange to inform listenersthat it wishesto alter its state. A

ChangelLi st ener may fireaChangeVet oExcept i on to prevent this change from taking place.
The event source must respect this. Once the event source has finnished updating its state, it will invoke
the post ChangeEvent method with an equivalent ChangeEvent (one with the same valuesfor its
properties). The post Change method should then take apropreate action to update the state of the
listening object.

There aretwo ChangelLi st ener implementations supplied by default.

ChangelLi st ener. ALMAYS VETOawaysthrowsaChangeExcepti oninpreChange. This
object isusefull if you wish to unconditionaly lock an object's property. In the exceptional circumstance
when ChangelLi st ener. ALWAYS VETOisregistered and apost Change isreached, it throwsa
NestedError with an assertion failure message. This should only be able to happen if the event sourceis
incorrectly implemented.

ChangeExcepti on. LOG TO _QUT printsall changes out to Syst em out . If youwant to log to a
different stream, construct a new instance of ChangelLi st ener. Loggi ngLi st ener with the
Stream.

Using ChangeSupport to implement Changeabl e

To flag that an object is a source of ChangeEvent s, it should implement Changeabl e. Thisinterface
has the following methods:

. addChangelLi st ener (ChangelLi st ener cl)

. addChangelLi st ener (ChangelLi stener cl, ChangeType ct)

- renoveChangeli st ener (ChangelLi st ener cl)

- renoveChangelLi st ener ( ChangelLi stener cl, ChangeType ct)

The methods with ChangeType arguments register the listener for that type of event only. The methods
without register the listener for all events. Wherever possible, the type of event should be specified. This
potentialy allows for lazy instantiation of various resources and will result in fewer events actualy being
fired.
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ChangeSupport isautility classthat handles 99% of the cases where you wish to implement the
Changeabl e interface. Idealy, you should instantiate one of these objects and then delegate the listener
methods to this. In addition to the methodsin Changeabl e , ChangeSupport supplysthe methods:

. firePreChangeEvent (ChangeEvent ce)
. firePost ChangeEvent (ChangeEvent ce)

These methods invoke the pr eChange and post Change methods of the apropreate listeners.
firePreChangeEvent will passonany ChangeVet oExcept i onsthat the listeners throw.

Abst r act Changeabl e isan abstract implementation of Changeabl e that delegatesto a
ChangeSuppor t . In the cases where your class does not have to inherit from any class but must
implement Changeabl e, thisis aperfect base class. It will lazily instantiate the delegate only when
listeners need to be registered.

In the next tutorial, we will implement an event source and add some listenersto it.

BioJava events tutorial 0.1 by Matthew Pocock. Please mail any comments or suggestions to the author
or to the biojava-l mailing list.
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Changeability examples
By Matthew Pocock

We are going to play with the Changeabi | i t y code using the example of a GUI for viewing the roles on arulet
wheel. We will try to estimate the probability of the ball falling on any one of the 40 slots and of it falling on red or
black.

Grab the source-code or run the applet directly. Y ou may be unable to run the applet asit requires Java2. Y ou should be
ableto view it in a Java2 appletviewer with no problems.

The imports

We will need to import some standard graphical packages to make the GUI, and java.util asit gives us stuff like
iterators. From biojava, we will need org.biojava.utils for both the standard exceptions (NestedException and
NestedError), and al of the Changeability api. The other biojava packages give us things like symbol objects,
aphabets, annotations and probability distributions.

i nport java.aw.*;

i nport java.aw.event.*;
I nport java.aw.geom *;
i mport java.util.?*;

i mport javax.sw ng. *;

i mport org.biojava.utils.*;

i mport org. biojava. bi o. *;

i mport org. bi ojava. bi 0. synbol . *;
i nport org. bioj ava. bi o. di st.*;

Setting up the roulet data

Firstly, we need to declare the class as extending JApplet so that we can use it inside aweb-page and also rely on
Swing working properly.

public class Roul et extends JApplet {
Then we can declare the static variables that will define the game.

public static final FiniteAl phabet rolls;
public static final Synmbol [] allRolls;

public static final FiniteAl phabet redBl ack;
public static final Synbol red;
public static final Synbol bl ack;

/1l probability distribution used to sanple rolls of the wheel
public static final Distribution wheel Rol er;

Of course, all of these items must be initialized. We will use a static initialization block.
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[/ stuff to nake the roul et wheel exist.
static {
final int nunRolls = 40;

/'l make the rolls al phabet
rolls = new Si npl eAl phabet ("Rol | s");
all Roll's = new Synbol [ nunRol | s];

Having made the rolls al phabet, we now must populate it with each possible roulet wheel outcome - 1..40 - as a symbol
instance.

for(int i =1; i <= nunRolls; i++) {
Synmbol s = allRolls[i-1] = Al phabet Manager. cr eat eSynbol (
(char) (i + '0"),
i+
Annot at i on. EMPTY_ANNOTATI ON

)

/1 attenpt to add the synbol

/1l this should work, but we still have to catch the exceptions. Since they
/'l should be inpossible throw, we re-throw them as assertion-failures.
try {

rolls.addSynbol (s);
} catch (ChangeVet oException cve) {
t hrow new Nest edError (
cve, "Assertoin Failure: Can't add synbol to the rolls al phabet™
);
} catch (11 egal Synbol Exception ise) {
t hrow new Nest edError (
i se, "Assertoin Failure: Can't add synbol to the rolls al phabet”
);
}

}
Notice that we have to catch exceptions that should be imposible to generate, but are specified in the API. Under
different circumstances, these exceptions may be legitimately thrown, and we would have caught them and done
something more sensible to handle the error.

rol | s. addChangelLi st ener ( ChangelLi st ener. ALMAYS VETO Al phabet . SYMBOLS) ;

Thisisan example of using ALWAY S VETO to prevent things from changing. Here we lock the SYMBOLS property
of rolls so that no more symbol instances can be added or removed from the a phabet. This ensures data-integrity and
makes it harder to write syntaciticaly correct buggs.

We must now make the red/black alphabet.

redBl ack = new Si npl eAl phabet (" Red/ Bl ack") ;

/1l the "red" synbol
red = Al phabet Manager. creat eSynbol (
"r', "red",
Annot at i on. EMPTY_ANNOTATI ON
)
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/'l the "black" synbol"

bl ack = Al phabet Manager . cr eat eSynbol (
"b', "black",

Annot ati on. EMPTY_ANNOTATI ON

)i
/1l again, add them and throw any exceptions on as assertion-failures.
try {

redBl ack. addSynbol (red);
r edBl ack. addSynbol ( bl ack) ;
} catch (ChangeVet oException cve) {
t hrow new Bi oError (
cve, "Assertoin Failure: Can't add synbol to the red/black al phabet"
)

} catch (111 egal Synbol Exception ise) {
t hrow new Bi oError(
ise, "Assertoin Failure: Can't add synbol to the red/black al phabet"”
);

}
/'l and again | ock the al phabet

redBl ack. addChangelLi st ener (ChangelLi st ener. ALWAYS_VETO, Al phabet. SYMBOLS);

Notice that again while the symbols are added we must check that nothing goes wrong. Also, again, we lock the
red/black alphabet so that it can't be tampered with.

Now we will set up a probability distribution that can be sampled from to simulate the rolling of aroulet wheel. We
will simply use an instance of UniformDistribution rather than generating a special distribution ourselves - cassinoes
should have un-biassed wheels.

wheel Rol er = new UnifornDi stribution(rolls);

}

And there we close the static block. Everything is set up for a game of chance.

Applet for playing the game

Let us start by setting up the state of the applet that will be used for estimating how the game is played, and for
rendering the current best-guess for the outcomes of multiple roles of the whedl.

private Distribution rollDi st;

private Distribution redBl ackDi st;

private bool ean running = fal se;

private Thread count Adder;
rolIDist will be our estimate of the probability of any one of the roles. redBlackDist is our estimate of getting one of red
or black (even/odd). We will use the thread in countAdder to repeatedly sample the game, and when running is set to
false, we will temporarily suspend sampling.

In the applet'sinit method we will set up all the state and build the GUI.
public void init() {

super.init(); // can't hurt...
Firstly, lets create the rolIDist and redBlackDist objects.
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try {

roll Dist = DistributionFactory. DEFAULT. createDi stri bution(rolls);

} catch (111 egal Al phabet Exception iae) {
throw new NestedError(iae, "Could not create distribution");

}
redBl ackDi st = new RedBl ackDi st(rol | Dist);

Now we must make an object to estimate the roll Dist probabilities. Thisis done using a DistributionTrainerContext
instance called dtc. dtc will colate counts for each of the forty outcomes so that rollDist can then represent these

frequencies as a probability distribution.

final DistributionTrainerContext dtc =
new Si npl eDi stributionTrai ner Context();
dtc.registerDi stribution(rollDist);

Now we will create the thread that samples roles from the roulet wheel. It will synchronize upon itself so that we can

suspend it as we wish.

count Adder = new Thread(new Runnabl e() {
public void run() {
whi |l e(true) {

We will check the value of the running member variable to check if we should be sampling the wheel.

bool ean runni ng;
synchroni zed( count Adder) {

runni ng = Roul et.this.running;
}

i f(running == true) {

Here we perform the sampling and inform the trainer of therole. To force rolIDist to reflect the new counts, we also
call tdc.train, and catch all the resulting exceptions (which should be imposible if everything is set up coorectly).

Synbol s = Roul et. wheel Rol er. sanpl eSynbol () ;
try {
dt c. addCount (rol I Dist, s, 1.0);
dtc.train();
} catch (1l1egal Synbol Exception ise) {
/1 shoul d be inpossible!
t hrow new Nest edError (

i se, "Assertion Failure: Sanpled synmbol not in al phabet”

);
} catch (ChangeVet oException cve) {
cve. printStackTrace();

}

Now we will synchronize on the thread and sleep for a half seccond.

synchroni zed( count Adder) {

try {
count Adder . wai t (500) ;

} catch (InterruptedException ie) {
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}
}
This code handles the case when the sampling thread has been asked to stop running temporarily. Again, we must
synchronize on the sampling thread.

} else {
synchroni zed( count Adder) {
try {
count Adder . wait ();
} catch (InterruptedException ie) {
} catch (111 egal MonitorStateException inse) {
t hrow new NestedError (i nse, "Quch");

1)
That isthe end of the sampling thread.

Now we can move onto the GUI. Let's set up buttons to start and stop the sampler thread and to clear the counts so far.

final JButton start = new JButton("Start");
final JButton stop = new JButton("Stop");
final JButton clear = new JButton("C ear");

The start button must start of enabled, and should cause sampling to start.

start. set Enabl ed(true);
start.addActionLi stener (new ActionLi stener() {
public void actionPerformed(Acti onEvent ae) {
synchroni zed( count Adder) {
running = true;
start. set Enabl ed(fal se);
st op. set Enabl ed(true);
count Adder. notify();

}
}
1)
The stop button should start off dissabled, and should cause the sampling to stop.

st op. set Enabl ed(f al se);
st op. addAct i onLi st ener (new Acti onLi stener () {
public void actionPerfornmed(Acti onEvent ae) {
synchroni zed( count Adder) {
running = fal se;
start.set Enabl ed(true);
st op. set Enabl ed(f al se);
count Adder. notify();
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1)
The clear button should be enabled, and should both clear the counts and susspend sampling.

cl ear. set Enabl ed(true);
cl ear. addActi onLi st ener (new Acti onLi stener() {
public void actionPerfornmed(Acti onEvent ae) {
synchroni zed( count Adder) {
running = fal se;
start. set Enabl ed(true);
st op. set Enabl ed(f al se);
dtc. cl ear Count s();
count Adder. notify();

}
}
});

Now we should build the GUI components to render the probability distributions as pie-charts.

Pie allPie;
try {
allPie = new Pie(roll Di st, Al phabet Manager. get Al phabet| ndex(all Rolls));
} catch (111 egal Synbol Exception ise) {
throw new NestedError(ise, "Assertion Failure: Can't make indexer");
} catch (Bi oException be) {
t hrow new NestedError(be, "Assertion Failure: Can't nmake indexer");

}
Pie redBl ackPi e = new Pi e(redBl ackDi st);

Now, we add all of these components to the applet.

get Cont ent Pane() . set Layout (new Bor der Layout () ) ;
JPanel top = new JPanel ();

t op. set Layout (new Fl owLayout ());

top. add(start);

t op. add(stop);

top. add(cl ear);

get Cont ent Pane() . add(t op, BorderLayout. NORTH);

JPanel center = new JPanel ();

center. set Layout (new Fl owLayout ());
center. add(redBl ackPi e) ;
center.add(all Pie);

D mension d = new Di nensi on(200, 200);
redBl ackPi e. set PreferredSi ze(d);

all Pie.setPreferredSi ze(d);

get Cont ent Pane() . add(center, BorderlLayout. CENTER);

}
Thisisthe end of init. It has set up the state of the object, ready for it to render estimated probabilities of each wheel
outcome being observed by repeatedly sampling the roulet wheel.
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Starting the game off

The last bit of the applet isthe command to set the sampler thread into motion. Thisrealy fitsinto the applet's start
method naturaly.

public void start() {
super.start();

count Adder. start();

}
}

And that is the end of the Roulet class.

The pie-chart rendering component

To render adistribution as a pie-chart, we need a custom sub-class of JComponent. It will have to respond to changes
in the distribution and consistently paint itself on the screen. Here is the state it will need.

cl ass Pi e extends JConponent ({
private D stribution dist;
private Al phabetlndex indexer;
private Changeli stener repainter;

dist isthe distribution that this pie-chart will render. indexer will be used to consistently order the states, and repainter
isa ChangelListener instance that will repaint the pie whenever dist changes.

The first constructor just creates an alphabet indexer and chains onto the seccond one.

public Pie(D stribution dist) {
thi s(di st, Al phabet Manager. get Al phabet | ndex( ( Fi ni t eAl phabet)
di st. get Al phabet ()));

}

The second constructor builds a couple of ChangeL istener instances

public Pie(D stribution dist, Al phabetlndex indexer) {
this.dist = dist;
this.indexer = indexer;

repai nter = new ChangeAdapter() {
publ i c voi d post Change( ChangeEvent ce) {
repaint();
}

b

di st. addChangelLi st ener (repai nter, Distribution. \WEI GHTS);
}

We must provide away to render the pie-chart. JComponent likes us to override the paintComponent method, so thisis
what we shall do. Thefirst job for the paint method is to work out some basic geometric points around which to render.
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protected voi d pai nt Conponent (G aphics g) {
super . pai nt Conponent (g) ;
G aphi cs2D g2 = (G aphics2D) g;

doubl e pad = 5.0;

Rect angl e2D boundi ngBox = new Rect angl e2D. Doubl e(
pad, pad,

getwWdth() - 2.0 * pad, getHeight() - 2.0 * pad

)i
double mdx = getWdth() * 0.5;
double m dy = getHeight() * 0.5;

Now we can render each dlice of the pie-chart, using a width proportional to the probability of each symbol, skipping
each zero probability.

doubl e angle = 0.0;
for(int i = 0; i < indexer.getAl phabet().size(); i++) {
try {
Synmbol s i ndexer . synbol For I ndex(i);

doubl e p = dist.getWight(s);

if(p!=0.0) {
doubl e extent = p * 365.0;

Arc2D slice = new Arc2D. Doubl e( boundi ngBox, angle, extent, Arc2D.PlE);
char token = s.get Token();
if(s == Roulet.red) {
g2. set Pai nt (Col or.red);
} else if(s == Roul et. black) {
g2. set Pai nt ( Col or. bl ack);
} else if( ((token - "0") %2) == 0) {
g2. set Pai nt (Col or.red);
} else {
g2. set Pai nt ( Col or. bl ack);

}

g2.fill(slice);

g2. set Pai nt (Col or. bl ue);
g2.draw( sl ice);

angl e += extent;

}
} catch (111 egal Synbol Exception ise) {
I se. printStackTrace();

}
}
The last task isto render on some labels so that we know what each slice represents.
angle = 0.0;
g2. set Pai nt (Col or. yel | ow) ;
for(int i = 0; i < indexer.getAl phabet().size(); i++) {
try {

Synmbol s = indexer. synbol For | ndex(i);
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doubl e p = dist.get\Wight(s);

if(p !'=0.0) {
doubl e extent = p * 365.0;

doubl e a2 = Math.toRadi ans(angle + 0.5 * extent);
g2. drawst ri ng(

s. get Nane(),

(float) (mdx + Math.cos(a2) * mdx * 0.8),
(float) (midy - Math.sin(a2) * mdy * 0.8)

)i

angl e += extent;
}
} catch (11 egal Synbol Exception ise) {
i se. printStackTrace();
}

}
}
}

That is the end of the pie-chart class.

RedBlackDist as a view onto the rolIDist distribution

The RedBlackDist class will implement Distribution, but will need to map the 40-symbol alphabet of the entire roul et
wheel into the 2-symbol alphabet of red/black. It must remain synchronized with the main wheel, updating its state
whenever its parent does.

cl ass RedBl ackDi st extends AbstractD stribution {
private D stribution parent;
private Distribution null Mdel;
private doubl e red,
private doubl e bl ack;

private ChangelLi stener parentlL;

private ChangelLi stener propUpdater;
parent is the distribution being viewed. nullModel represents aview of the parent's null model. red and black will store
the probabilities of comming up red or black in the parent. parentL will listen to the parent for when it changes and
notify all interested parties that this distribution is changing in response. propUpdater will do the job of actualy
calculating red and black from the parent.

Let's set up our distribution.

public RedBl ackDi st(final Distribution parent) {
this. parent = parent;
gener at eChangeSupport (D stri buti on. VEI GHTS) ;

par ent . addChangelLi st ener (parentL = new ChangeFor war der (
this, changeSupport

) |

This listener will forward changes to the parent weights as changes to this distribution. It extends ChangeForwarder
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that is a special instance that passes on changes to one object as knock-on events to another. By using the ChangeEvent
constructor that includes a ChangeEvent, we can pass on the complete chain-of-evidence that allows listeners to work
out why we are claiming to alter.

prot ect ed ChangeEvent generat eEvent (ChangeEvent ce) {
return new ChangeEvent (
get Source(), Distribution.WEl GHTS,
null, null,
ce

);
}
}, Distribution. VEIGHTS);
We must also add alistener to ourselves to trap successful attempts to change (those that are not vetoed), and to update
the values of red and black.

addChangelLi st ener (propUpdat er = new ChangeAdapter () {
public voi d post Change(ChangeEvent ce) {
red = 0.0;
bl ack = 0.0;
for(
Iterator i = ((FiniteAl phabet) (parent.getAl phabet())).iterator();
I . hasNext () ;
) |
Synmbol s = (Synbol) i.next();
try {
i1 f( (s.getToken() - '0") %2 ==0) { // even - red
red += parent.get Wi ght(s);
} else { // odd - black
bl ack += parent.get Wi ght(s);
}

} catch (11 egal Synbol Exception ise) {
t hrow new NestedError(ise, "Assertion Failure: Can't find synbol");

}
}}
}, Distribution. WVEI GHTS) ;

}
And that is the end of the constructor.

Now we must provide the missing methods in AbstractDistribution. These are fairly booring. Our aphabet is the same
asthe roulet redBlack object, and getWeightlmpl will return the value of red for the red symbol and the value of black
for the black symbol.

publ i c Al phabet get Al phabet () {
return Roul et.redBl ack;

}

protect ed doubl e get Wi ght | npl (At om cSynbol sym
throws |11 egal Synbol Exception {
i f(sym == Roul et.red) {
return red;
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} else if(sym == Roul et. bl ack) {
return bl ack;
} else {
throw new I 11| egal Synbol Exception("No synbol known for " + sym;
}
}

All of these methods are just stubs. Notice that they throw ChangeV etoExceptions to indicate that they are not
implemented. ChangeV etoException can either mean that the change is dissalowed because some listener explicitly
stopsit, or that the method is not supported. Either way, the state of the object will not be updated.

protected voi d set Wei ghtl npl (At om cSynbol as, doubl e wei ght)
t hrows ChangeVet oException, 111 egal Synbol Exception {
t hrow new ChangeVet oExcepti on(" RedBl ackDi st is i mutable");

}

protected void setNull Model I npl (Di stribution null Mdel)
t hrows ChangeVet oException, |l 1 egal Al phabet Exception {
t hrow new ChangeVet oExcepti on(" RedBl ackDi st is i nmutable");

}

public Distribution getNull Mdel () {
i f(nullMdel == null) {
nul | Model = new RedBl ackDi st (parent. get Nul | Model ());
}

return nul |l Model ;

}
}

What you should see

If you type thisin and compile, or run the applet directly, you should see a gui with a start, stop and clear button. If you
click on start, the applet will start sampling the table every 1/2 seccond. Y ou will notice that the two pie-charts reflect
these roles by repainting. If you click stop, the sampling thread will stop getting new roles. If you click start again, then
more counts will be collected. If you click clear, then the sampling will stop. Pressing start again will start the process
off from the initia point of just one count collected.

By the end of this, you should feel comefortable with listening for events and writing custom ChangeL istener
implementations. Y ou should be able to prevent a property from altering by adding an ALWAYS VETO listener. You
should have an understanding of how when one object changes, it may cause the state of another object to change, and
off how to write a ChangeAdapter instance that will wire this together. | hope it was fun.

BioJava eventstutorial 0.1 by Matthew Pocock. Please mail any comments or suggestions to the author or to the
biojava-l mailing list.
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Implementing Changeability
By Matthew Pocock

We are going to implement a simple ChangeEvent source that stores a String name property and can inform other
objectsif this name changes. By the end of this tutorial you should be comefortable with the general issues
surrounding implementing event sources and for ensuring that resources are allocated as needed.

The Nameable interface

By convention, BioJava aways defines changes in an interface. This allows arange of implementations to provide a
unified API to a change without mandaiting them to shair any code. We will define the Nameable interface.

package denbs. Changeabl e;
I mport org. biojava.utils.*;

public interface Naneabl e ext ends Changeabl e {

Thefirst thing we must do is define the ChangeType that indicates that the name has changed. By convention, it isa
public static final field of the interface and is named in upper-case, with word boundaries indicated by underscores.
The constructor needs a description, and also the name of the current class and the name of the field. Thisis so that
during serialization, the ChangeType instance will resolve correctly both over time and between VMs.

/**

* The ChangeType that indicates that the name property has changed.
*/

public static final ChangeType NAME = new ChangeType(

"The name has changed.", // human-readabl e descri ption
"denos. Changeabl e", /1l the current class nane
" NAME" [l field nane

)i

Now we have the definition of the accessor methods.

/**

* Return the nanme associated with this Naneabl e.
*

* @eturn the nanme property
*/
public String getNanme();

/**

* Change the nane associated with this Naneabl e.
*

* @aramthe new value for the nanme property

* @hrows ChangeVet oException if for any reason the nane could not be set
*/

public void setName(String nane)
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t hrows ChangeVet oExcepti on;

}
and that's it for the Nameabl e interface.

The simplest implementation - extend
AbstractChangeable

The ssimplest way to implement the Nameable interface is to inherit from AbstractChangeable. This is the aproach we
will take here. Firstly we will define the class and add a couple of constructors.

package denbs. Changeabl e;
I mport org. biojava.utils.*;

public cl ass Sinpl eChangeabl e
ext ends Abstract Changeabl e
I npl enent s Naneabl e {

private String nane;

publ i ¢ Si npl eChangeabl e() {
this(null);
}

publ i ¢ Si npl eChangeabl e(Stri ng nane) {
thi s. nane = nane,

}

The getName method can also be written in the obvious way.

public String getNane() {
return nane;

}

The process of informing listeners requires some bagage to be present - in particular, the list of listeners. Thiswould
impose overhead on all instances of Changeable, regardless of whether listeners exist or not. The solution to thisisto
lazily instantiate the supporting objects. Fortunately, AbstractChangeable handles all of thisfor you. The two methods
you need to use are hasListeners(), which will return true if there are any listeners at all and false otherwise. If there
are no listeners, then the name can be set directly.

public void set Name(String nane)
t hrows ChangeVet oException {
i f(!hasListeners()) {
thi s. nane = nane;
} else {

If there are listeners, then the method getChangeSupport() is used to retrieve the ChangeSupport instance that
maintains the listeners list. Y ou should then synchronize on this to ensure that no listeners are added or removed
while the name is being set.

ChangeSupport cs = get ChangeSupport ( Naneabl e. NAME) ;
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synchroni zed(cs) {

Next, we make a new ChangeEvent to describe how the object wishesto alter, we fire a preChange notification to the
listeners so that they have a chance to veto the change, we make the change and lastly we inform the listeners that the
change has been made.

ChangeEvent ce = new ChangeEvent (this, Naneabl e. NAVME, nane, this.nane);
cs. firePreChange(ce);

t hi s. nane = nane,

cs. firePost Change(ce);

}
}
}
}

That is the end of the implementation.

Using ChangeSupport directly

The previous example used ChangeSupport to store alist of listeners but via the AbstractChangeable class. Java only
allows classes to inherit from one other class. This meansthat if you have a class that must implement Changeability
but already is derived from another class, you can't use AbstractChangeable. Y ou can, however, still use
ChangeSupport. To illustrate this, we will ook at the code in AbstractChangeable that wires in the ChangeSupport
object.

AbstractChangeable isin the package org.biojava.utils, and implements Changeable. It is abstract as you must
sub-class to provide code to actualy fire events.

package org. bi oj ava. utils;

public abstract class Abstract Changeabl e i npl enents Changeabl e {

The listener networks are not preserved during seriaization. Thisis partly to prevent arbitrarily large networks of
objects being dumped, and partly because listeners can be safely added in custom serialization/deserialization code.

private transi ent ChangeSupport changeSupport = null;

The hasListeners method isimplemented in the obvious way. It is protected, because it is realy a memory
optimization method, and not part of the external interface of extending classes.

prot ect ed bool ean hasLi steners() {
return changeSupport != null;

}

To retrieve the ChangeSupport delegate, we need to provide an access method. Again, thisis protected and
implemented in the obvious way.

prot ect ed ChangeSupport get ChangeSupport (ChangeType ct) {
i f (changeSupport == null) {
changeSupport = new ChangeSupport();
}

return changeSupport;
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}

Some subclasses may wish to override this method and lazily instantiate resoruces when the first listener for a
particular ChangeType is added. In this case, the overriden method should first call super.getChangeSupport and then
perform any checkes it wishes.

Now that the protected methods are in place, we can provide the bodies of the listener management methods. These
firstly use getChangeSupport to retrieve the delegate, and then ask it to add or remove a listener. We must
synchronize on the delegate to make sure that it maintains in a consistent state.

public voi d addChangelLi st ener (ChangelLi stener cl) {
ChangeSupport cs = get ChangeSupport (null);
synchroni zed(cs) {
cs. addChangelLi stener (cl);

}
}

public voi d addChangelLi st ener (ChangeLi stener cl, ChangeType ct) {
ChangeSupport cs = get ChangeSupport(ct);
synchroni zed(cs) {
cs. addChangelLi stener(cl, ct);

}
}

public void renoveChangelLi st ener (ChangelLi stener cl) {
ChangeSupport cs = get ChangeSupport (null);
synchroni zed(cs) {
cs. renmpoveChangelLi st ener(cl);

}
}

public void renoveChangelLi st ener (ChangeLi stener cl, ChangeType ct) {
ChangeSupport cs = get ChangeSupport(ct);
synchroni zed(cs) {
cs. renoveChangelLi stener(cl, ct);

}
}
}

And that isthe end of the class. Y ou should be able to cut-and-paste this code into your own Changeable objects to
implement the basic del egate-management.

Using an abstract class to provide the event handeling

Often there are a number of implementatoins of an interface that are almost exactly the same except for the particulars
of how datais stored. It is a shame to write the event code multiple times. A useful design pattern for thisisto provide
an Abstract class that takes care of all the synchronization issues and calles stub methods to perform the actual access
to object state. Here is an example of that for the Nameable class.

The abstract class will 1ook like this.

public abstract class Abstract Naneabl e i npl enents Naneabl e {
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public void setNanme(String nane)
t hrows ChangeVet oExcepti on {
i f(!hasListeners()) {
set Nanel nmpl ( nane) ;
} else {
ChangeSupport cs = get ChangeSupport ( Naneabl e. NAME) ;
synchroni zed(cs) {
ChangeEvent ce = new ChangeEvent (this, Nanmeabl e. NAME, nane, this.nane);
cs. firePreChange(ce);
set Nanel npl ( nane) ;
cs. firePost Change(ce);
}
}
}

protected abstract void setNamel npl (String nane)
t hrows ChangeVet oExcepti on;

}

The implementation would look something like this.

public cl ass MyNaneabl e extends Abstract Naneabl e {
private String nane,

public String getNane() ({
return this. nane,;

}

public void setName(String nane)
t hrows ChangeVet oException {
t hi s. nane = nane;
}
}

This split between the abstract implementation that handles all of the event guts and arealy light-weight
implementation that controls access to data-storage is very useful in practice, and is used extensively in BioJava,
particularly in the org.biojava.bio.dist package.

What next?

By now, you should be able to define interfaces that are Changeable, and to write implementations of these interfaces
using AbstractChangeable or by delegating to ChangeSupport directly. For cases where there are many
implementations that differ only in the means of data-storage, you should be able to factor the Changeablility code
into an abstract class, and subclass this for each form of data-access.

BioJava events tutorial 0.1 by Matthew Pocock. Please mail any comments or suggestions to the author or to the
biojava-l mailing list.
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BioJava Tutorial - Blast-Like SAX Parsers

BioJava: - Blast-Like SAX Parsers

Cambridge Antibody Technology

Introduction

o Getting up and running

« Example application - producing HTML from blast-like output

BioJava Blast2HTML tutorial 1.0 by Cambridge Antibody Technology.
Please mail any comments or suggestions to the author or to the biojava-l mailing list.
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Simple HMMs with BioJava

by David Huen

We will now go through the source of one of the examples in the demos/dp directory: Dice.java (contributed by Samiul
Hasan).

Introduction

The program implements the "occasionally dishonest casino” example used in the book "Biological Sequence Analysis'
by R. Durbin, S. Eddy, A. Krogh, G. Mitchison.

Basically, it conceives a casino with two dice, one fair and one loaded. The fair die lands on any of its sides equal
probability while the loaded die yields "6" half the time, al the other sides being of equal probability. These probabilities
represent the emission distribution of the fair die state and the loaded die states respectively.

The casino switches between using the fair die and the loaded die periodically. When on the fair die, the probability that
the next throw iswith the fair die too is 0.95. Similarly, when on the loaded die, the probability of continuing withiitis
0.90. These probabilities yield the transition distributions of the states.

The HMM as modelled in the code is slightly modified from the above description with the inclusion of a Magical State.
This state is used to represent the start and end of the states of the model. The transition from the Magical State to the fair
die state occurs with a probability of 0.8 while the transition to the loaded die state occurs with a probability of 0.2. A
termination condition was also introduced to allow transitions from the fair die and loaded die states to the Magical state
with a probability of 0.01.

The resultant HMM looks like this:-

Code

The core of the program is the createCasino() method. This creates an instance of the MarkovM odel class that
implements the model.

public static MarkovModel createCasino() {
Synbol [] rolls=new Synbol [ 6];

//set up the dice al phabet
Si npl eAl phabet di ceAl phabet =new Si npl eAl phabet () ;
di ceAl phabet . set Nane(" Di ceAl phabet");

for(int i=1;i<7;i++) {

try {
rolls[i-1]=
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Al phabet Manager . cr eat eSynbol ((char) (' 0" +i),""+i, Annot ati on. EMPTY_ANNOTATI ON) ;

di ceAl phabet . addSynbol (rol I s[i-1]);

} catch (Exception e) {
t hrow new Nest edErr or (

e, "Can't create synbols to represent dice rolls"

)

}

}

A Symbol array rollsis created to hold the Symbols generated by AlphabetM anager to represent the outcomes of the
dice. An Alphabet is also defined over these Symbols.

Next, distributions representing the emission probabilities of the fair die and loaded die states are created (named fairD
and loadedD respectively). The die states themselves are then created as SmpleEmissionStates, fairS and loadedS
respectively.

You will observe an int array advance with asingle value of 1. In asingle-head HMM like ours, there is only one
generated sequence and in our case, we progress along this sole sequence a single position per transition in the model. In
multihead HMMs, there will be multiple sequences generated by the HMM and it is possible that the increment through
the different sequences might be different. For example, single-stepping a protein sequence amounts to an increment of
three on its corresponding DNA sequence.

int [] advance = { 1 };
Di stribution fairD,
Di stribution | oadedD,
try {
fairD = DistributionFactory. DEFAULT. creat eDi stri buti on(di ceAl phabet);
| oadedD = Di stri butionFactory. DEFAULT. createDi stri bution(di ceAl phabet);
} catch (Exception e) {
throw new NestedError(e, "Can't create distributions");
}
Em ssionState fairS = new Si npl eEm ssionState("fair",
Annot at i on. EMPTY_ANNOTATI ON, advance, fairD);
Em ssionState | oadedS = new Si npl eEm ssi onSt at e("| oaded"”,
Annot at i on. EMPTY_ANNOTATI ON, advance, | oadedD);

The HMM isthen created with these states:-

Si npl eMar kovModel casi no = new Si npl eMar kovivbdel (1, di ceAl phabet, "Casino");
try {

casi no. addState(fairS);

casi no. addst at e(| oadedS) ;
} catch (Exception e) {

throw new NestedError(e, "Can't add states to nodel");

}

Next, we need to model the transitions between the states. We do this like so:-

try {
casi no. createTransition(casino.magical State(),fairS);

casi no. creat eTransi ti on(casi no. nagi cal State(), | oadedS);
casi no. createTransition(fairsS, casino. mgical State());
casi no. createTransi tion(l oadedS, casi no. magi cal State());
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casi no. createTransition(fairsS, | oadedS);
casi no. createTransition(l oadedS,fairS);
casi no.createTransition(fairS, fairS);
casi no. createTransi ti on(l oadedS, | oadedS) ;
} catch (Exception e) {
throw new NestedError(e, "Can't create transitions");

}

Note the presence of a Magical State that is returned by casino.magical State(). Thisisinherent to the
SimpleM arkovM odel class and does not need to be created by the user.

The emission distributions fairD and loadedD we set up earlier need to be initialised. We do that here.

try {
for(int i=0;i<rolls.length;i++) {
fairD. setWight(rolls[i],1.0/6.0);
| oadedD. set Wi ght (rol I's[i], 0.1);
}
| oadedD. set Wi ght (rol | s[5],0.5);
} catch (Exception e) {
throw new NestedError(e, "Can't set em ssion probabilities");

}

We also need to initialise the transition distributions. Note how thisis done: the transition distribution of each state is
requested from the model with a getWeights() and then updated with the required values by calling the getWeight()
method of that distribution. It is not necessary thereafter to call setWeights() to pass the Distribution for a state back to the
model. This may seem strange but it is done this way because model object may use unique Distribution classes that
cannot be replaced by a generic Distribution class for greater internal efficiency. Every state in the model needs to have its
own transition distribution initialised appropriately.

//set up transition scores.

try {
Distribution dist;

di st = casi no. get Wi ght s(casi no. magi cal State());
dist.setWight(fairS, 0.8);
di st . set Wi ght (| oadedS, 0. 2);

di st = casino.getWights(fairS);

di st . set Wi ght (| oadedS, 0.04);
di st.setWeight(fairs, 0.95);
di st. set Wi ght (casi no. magi cal State(), 0.01);

di st = casi no. get Wi ght s(| oadedS) ;
di st.setWeight(fairs, 0.09);
di st . set Wi ght (| oadedS, 0.90);
di st . set Wi ght (casi no. magi cal State(), 0.01);
} catch (Exception e) {
throw new NestedError(e, "Can't set transition probabilities");

}
Having completed constructing the MarkovModel, all that remainsisto return it to the caller.

return casi no;
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Using the MarkovModel

Having created the M arkovM odel, we create the corresponding dynamic programming object:-

DP dp=DPFact ory. DEFAULT. cr eat eDP( casi no) ;

Now, at last, we have something we can use! To generate a sequence of dice throws with this model, we do:-

StatePath obs rolls = dp. generate(300);

Synbol Li st roll _sequence = obs_rolls. synbol Li st For Label ( St at ePat h. SEQUENCE) ;

The generate() method generates a path through the model that emits 300 symbols and we turn that path into a
SymbolList with the second line.

At this point, it will be worthwhile digressing briefly on the StatePath object. This object embodies an Alignment of the
sequences emitted by the DP object. In a multihead object, multiple aligned sequences will be emitted. In our case, only a
single sequence is emitted and that is accessed with the label StatePath. SEQUENCE. That sequence turns out to a run of
dice throws from our occasionally dishonest casino.

Next, we want to test one of the DP algorithms in the DP object. We want to process the roll_sequence SymbolList we
have just generated and use the Viterbi method to predict which die each of the throws might have arisen from.

To do this, we create an array of SymbolListswith only roll_sequenceinit - oursisasingle-head HMM - and apply the
Viterbi algorithm using the the model probabilities (ScoreType.PROBABILITY) for the computation (you could have also
applied the null-model or log-odds probabilities here). Thiswill yield the state path that has most support from the model
and that state path is the model's prediction of which die a particular result came from.

Synbol List[] res_array = {roll _sequence};
StatePath v = dp.viterbi(res_array, ScoreType. PROBABILITY);

All that remainsisto print out the generated sequence and the actual state path from which it came (ie. which die) and the
HMM estimate of the state path, v, (which iswhich die a particular throw came from as estimated by the HMM).

//print out obs sequence, output, state synbols.
for(int i =1; i <= obs rolls.length()/60; i++) {
for(int j=i*60,; |

The first two print statenents print the generated sequence and the actual
state path by accessing the obs rolls StatePath with the

St at ePat h. SEQUENCE and St at ePat h. STATES respectively. The predicted
state path cones fromthe third print block which accesses the

v St at ePat h.

The out put then | ooks like this:-

FEFEEEfeeefel it Ifeffefffeefffil fEFfff

544552213525245666363632432522253566166546666666533666543261
Frrrerrrrerrrerrnl
fPffffffeffeffefeefeffefrefeereefei oIttt ffefees
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363546253252546524422555242223224344432423341365415551632161
FEfffffffffffffffffefffefefffefefffeefffefffeefffeffeeeffeeeffreeeee
fEfffffffffffffeeffeefffeefffeefffeefffeefffeefffeeffeeeffeeeffreeeee

144212242323456563652263346116214136666156616666566421456123
fEfeffllIfreffefeefeffefrefeefeefifr ittt rIfeefeefees
FEfffffffffeeffeeffeefeeefeeefeeeeei i I I IIIIIfeffeefeef
346313546514332164351242356166641344615135266642261112465663
fEfffffffffffffeefffeeffeefffeefffeefffeefffeeffeeeffeeeffeeeffreeeee
fEfffffffffeffefeeffeffeffefeeffeeffefrefeefeefreffefrefeefeeree

The top line is the sequence emtted by our HVW when we

made it generate 300 throws. The next is the state from
which the throw cane (f-fair |-Ioaded, these are the

first letters of the labels "fair" and "l oaded” we

used when creating the SinpleEm ssionState

objects that represent the dice). The last is simlar

but this time fromthe StatePath v

that is the result of the Viterbi algorithm The performance
is pretty on on this occasion but it can vary w dely!
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Installing and using BioSQL

by David Huen

Last modified: 19th November 2002.

This document describes how to install and use Biosgl. BioSQL is a part of the OBDA standard and was developed as a
common sequence database schema for the different language projects within the Open Bioinformatics Foundation.

While BioSQL isfairly vendor-neutral inits design, thistutorial is based on the case that | know best, that is, the installation of
BioSQL on an x86 machine running RedHat 7.2.

Installing Postgresql

If not already installed, PostgreSQL can beinstalled from RPMs with:-

rpm-ivh postgresqgl-7.2.1-5.1386.rpm postgresql-1ibs-7.2.1-5.1386.rpm
postgresql -server-7.2.1-5.1386.rpm

Root privileges will ailmost certainly be required (if not your machine is seriously insecure!!!). Y ou will also need aJDBC to
permit Javato connect to your PostgreSQL database and that can be installed with postgresgl-jdbc-7.1.3-2.i386.rpm. However,
I would recommend downloading the latest from here. Y ou will end up with ajar file containing the JDBC implementation

which you will need to place in your CLASSPATH.

Theinstalls will place a control script within /etc/init.d named postgresgl. When this script runs for the first time, it will create
adatabase cluster and initialiseit. This cluster isthe set of files used by the database for storage purposes.

On RH7.2 the default location for the cluster in at /var/lib/pgsgl/. Thisisabit of adisadvantage as /var is usualy a pretty small
partition. It is possible at this stage to symlink /var/lib/pgsgl to a directory within another partition altogether to circumvent this
problem. | would suggest doing thisimmediately.

At this stage, you will need to create the database you intend using and a user to use it. | would suggest NOT using the
superuser named postgres for anything other than occasional essential administration.

At this point, | will digress briefly into PostgreSQL authentication as choices you make will affect what you can do.
PostgreSQL has a variety of routes to achieve this. The default at installation permits connection only from local users and
permits access to a database ONLY by a user of the same username. This may be quite adequate for experimentation but not so
convenient if you want to set up a BioSQL database for several local users or possibly even remote users.

PostgresQL has other mechanisms which are described in their documentation. Authentication is specifically described here.
Y ou might consider password authentication but do use md5 encryption with this option, especialy if you intend to
authenticate remote users. In the Redhat 7.2 installation, the file you will need to edit to set these optionsis
Ivar/lib/pgsgl/data/pg_hba.conf. The location of thisfile varies with other distributions.

Asinitialy installed in RH7.2, PostgreSQL will require root privileges to set up further. The postgres superuser cannot be
logged into but you can invoke the necessary commands from root to execute:-
$ su postgres -c 'createdb <insert db nane here>'

and a user created with:-

$ su postgres -c 'createuser <insert user nanme here>'

For the purposes of this tutorial, I will not change the default authentication so the database name should be chosen to
correspond to your user name. The user name used in this exercise is gadfly and thiswill be reflected in the choice of database
name and user name. One additional change that will be necessary is to enable TCP/IP connections as the Unix domain socket
restriction of the default installation is incompatible with the PostgreSQL JDBC implementation.
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To do so, you need to add the "-i" flag to the startup script. Edit /etc/init.d/postgresgl and change the line:-

su -1 postgres -s /bin/sh -c "/usr/bin/pg ctl -D $PGDATA -p /usr/bin/postmaster start
> [dev/null 2>&1" < /dev/null

to:-

su -l postgres -s /bin/sh -c "/usr/bin/pg _ctl -0 "-i" -D $PGDATA -p
[usr/bin/postmaster start > /dev/null 2>&1" < /dev/null

The /var/lib/pgsgl/data/pg_hba.conf file will also need to be edited to permit access via TCP/IP. This can be achieved by
uncommenting:-

#host al | 127.0.0.1 255. 255. 255. 255 trust

Both these operations require root access: seek advice as to the best option given your local security circumstances.

One additional change isthat postgresgl in RH7.3 does not come with the pgsgl language enabled. As BioSQL uses that for

acceleration, you will need to enable it. This can be done within root with:-

sSu postgres -c 'createl ang pl pgsqgl tenplatel’

Installing BioSQL

The PostgreSQL server must be running to compl ete the BioSQL installation. Y ou can check that it iswith:-

$ /etc/rc.d/ postgresql status

and doing:-

$ /etc/rc.d/ postgresgl start

if it isnot running. Y ou may require root privileges for this. You should have PostgreSQL started up during system startup
with the SysV init system that comes with most Unixen.

Y ou will need three scripts that serveto initialise the new database with the BioSQL schema and load accelerators for this
schema. These are:-

bi osql - accel er at or s- pg. sql
bi osql db- assenbl y- pg. sql
bi osql db- pg. sql

They may be obtained from here.
We now need to load the schema into the database we have created. We do so as follows (user entriesin bold):-

$ psql gadfly
Wel cone to psql, the PostgreSQ interactive termnal.

Type: \copyright for distribution terns
\h for help with SQL commands
\? for help on internal slash commands
\g or termnate with sem colon to execute query
\g to quit

gadfl y=> \i bi osql db- pg. sql

http://www.biojava.org/tutorials/biosqgl.html (2 di 3) [02/04/2003 13.39.48]


http://www.biojava.org/download/biosql/

CREATE

psql : bi osqgl db- pg. sql : 13: NOTI CE: CREATE TABLE / PRIMARY KEY will create inplicit
i ndex ' bi odat abase pkey' for table 'biodatabase

CREATE

<rest of output snipped>

| NSERT 16862 1

psql : bi osgl db- pg. sql : 304: NOTI CE: CREATE TABLE / PRI MARY KEY will create inplicit
i ndex 'cache_corba_support pkey' for table 'cache_corba_support’

CREATE

gadfl y=> \i bi osqgl db-assenbl y- pg. sq

<rest of output snipped>

gadfl y=> \i bi osql -accel erat ors-pg. sq

<rest of output snipped>

gadfl y=> \q

$

Let'swalk through the session above. psqgl isthe name of the PostgreSQL interactive shell. We invoke it to connect to the
PostgreSQL server and accept commands for a database named gadfly that we had created earlier. psgl starts and displaysits
user prompt. All psgl commands begin with abackslash (\). The\i instructs psgl to take input from afile. | instruct psgl to
take input from the biosgldb-pg.sql, biosgldb-assembly-pg.sgl and biosgl-accel erators-pg.sgl successively. psql reads the SQL
statements within each of the files and proceeds to construct the BioSQL database schema, printing out a summary of its
actions as it proceeds. Finally, | quit the psgl interactive shell with \g. At this point you have a BioSQL schemainstalled and
ready to run!!!

Do remember that if you do not explicitly load the JIDBC driversin your code, you should set a Java environment variable to
tell it what to look for like so:-

java -Djdbc.drivers=org. postgresqgl.Driver <whatever your java code is>
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BioJava: Blast-like Parsing Cook Book
By Cambridge Antibody Technology

This section of the biojava tutorial covers making use of the output from software used for sequence
similarity/homology based searches of biological databases. The material is presented in a Cook Book
fashion giving practical examples that should be enough to get you going. If you want to make use of the
output from the following programs by using BioJava, thisis a useful tutorial to work through:

« NCBI Blast (blastn, blastx, blastp, tblastn, tblastx)
o WU-Blast (blastn, blastx, blastp, tblastn, tblastx)
e Or HMMER

NB Please check the JavaDocs of Bl ast Li keSAXPar ser to see the extent of support for output from
the various applications.

The section of BioJavayou will be making use of in the tutorial isthe SAX2-compliant event-based
parsing framework. After following this tutorial, you will you be able to not only to deal with output
from the above pieces for bioinformatics software, but also get started with working with other types of
data, such as three-dimensional macromolecular structures which are aso supported by the framework.

What you need to know about the parsing
framework

The framework has been designed in such away that you don't need to understand the details of how it
works in order to useit. Thisis achieved by providing facade classes that are simple to use. For parsing
Blast-like output, the facade class you need to useis

or g. bi oj ava. bi 0. program sax. Bl ast Li keSAXPar ser . You pass streams of datato this
class, and the framework will do the rest. Asthe name suggests, this classis actually a SAX parser, and
implementsthe or g. xm . sax. XM_Reader interface. You are thus able to treat the output data as
thought it isin an XML format.

The framework performs the magic of emitting SAX2 events from non-XML format data. Thus you don't
have to do any parsing yourself. Rather you will simply be writing XML Content Handlers. The recipes
for XML Content Handlers presented here will point you in the direction of populating your own (or
BioJava) objects with bioinformatics data.

It is also worth noting, that the SAX events that the framework emits are consistent with a scenario
where all the pieces of bioinformatics software above, actually produced identically formatted data.
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Benefits of using the framework

« Allowsyou to focus on the objects you want to create, and forget about writing complex parsing
code

« Allowsyou to make use of the output from more pieces of software. Because of the
"concept-based” approach to the representation of data, many of the Content Handler classes you
write can be re-used with the output of several different programs.

Recipes

The recipes are simple examples designed to get you up and running populating objects in the way you
want. For each example recipe, two classes are provided:

« An XML Content Handler (thisisthe class that does the work of populating objects with data)

« A sample application class that takes blast-like program output and and sets up for parsing using
the Content Handler class.

NB You will find the complete source code for all the classes described here the demos section of
biojava, in the eventbasedpar sing package.

After Example 1, the only classes that are described are the XML Content Hander classes, because the
application classes are essentially identical for al examples.

To help you get going, in addition to the source code for the examples, there are also several example
examples of raw ouput from NCBI-blast, WU-blast, and HMMER the "files" directory of the demos
section of biojava

Example 1

For all the hits from a search as detailed in the summary section of the output, prepare alist of Hit Ids.
Thisis an example of are-useable Content Handler. The same piece of code works equally well with the
output from multiple flavours of NCBI Blast, WU-Blast, and HMMER.

Step A - Create an application that sets up the parser and does the parsing

Thefull sourceisinevent basedpar si ng. Tut ori al Ex1. Because there is no difference between
what you do here, and what you would do to parse XML files thereisn't much to do. First create a SAX
Parser that deals with Blast-like output.

XM_Reader oParser = (XM_Reader) new Bl ast Li keSAXPar ser () ;

Next choose the Content Handler. In this case, we will be using theclass Tut or i al Ex1Handl er,
which takes areference to an ArrayList in the constructor. When the SAX Parser parses thefile, the
ContentHandler will populate the ArrayList with Hit Ids from the summary section of the output.

Cont ent Handl er oHandl er =
(Cont ent Handl er) new Tut ori al Ex1Handl er (oDat abasel dLi st) ;
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Thefina step in the set-up isto connect the Content Handler to the SAX Parser.
oPar ser . set Cont ent Handl er (oHandl er) ;

For the purposes of the tutorial applications, we will ssmply be reading output from files on disk. Create a
Fi | el nput St r eam and parseit by calling the par se method on the SAX Parser.

ol nput Fil eStream = new Fi | el nput St reant{ ol nput) ;
oPar ser. parse(new | nput Source(ol nput Fil eStream ) ;

Finally, having populated the ArrayList with Hitlds, we ssmply print them out.

Systemout. println("Results of parsing");
Syst em out. pr i ntl n( " ::::::::::::::::::") :
for (int i = 0; I < oDatabaseldList.size();i++) {

System out. printl n(oDat abasel dLi st.get(i));
}

Step B - Create the logic for parsing

Thisis simply of matter of writing an XML Content Handler. The full sourceisin

event basedpar si ng. Tut ori al Ex1Handl er . Thelogic hereistrivial, we smply wish to
identify Hit Ids that are contained within in the Summary sections of the output data, and add each Hit Id
to the ArrayList.

i f ( (oNaneStack. peek().toString().equals("Htld")) &&
(this.findlnStack("Sunmary") !'= -1) ) {
oDat abasel dLi st . add( poAtts. get Val ue("id"));

}

Running the application

After compiling, if you run the application from the demos directory by typing the following:
j ava event basedparsing/ Tutorial Ex1 fil es/ nchi bl ast/shortBl ast n. out
Y ou should see the following output:

Resul ts of parsing

Us1677
L38477
X80457

BioJava Blast-like parsing tutorial 0.1 by Cambridge Antibody Technology. Please mail any comments
or suggestions to the author or to the biojava-| mailing list.
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BioJava: Blast2HTML

Cambridge Antibody Technology

Introduction

Thistutorial coversthe use of the Blast-like parsing framework to generate HTML representations of the
Blast-like XML.
Here are some examples of the type of output you can generate.

« Blastp
e Blasin

Prerequisites are:-
« an upto date copy of biojava
« the programsin the demos directory

Running the demos

To generate for yourself the above example HTML files, change directory to the demos directory of
biojava. The following commands will generate the HTML to standard out.

java eventbasedparsing.Blast2ZHTML nucleic files/ncbiblast/blastn.out
java eventbasedparsing.Blast2HTML protein files/nchiblast/blastp.out

Y ou can choose an output file ( instead of redirecting standard out ) by adding a third argument to the
command -

java eventbasedparsing.Blast2HTML protein files/nchbiblast/blastp.out blastp.html

Customising the Output

The HTMLRender er constructor takes several parameters which allow customisation of the HTML.

o Stylesheet
Y ou can change the definition of the stylesin the style sheet.

o Alignment width
The alignment width simply specifies the number of bases/residues per alignment block.

o URL GeneratorFactory
Returnsali st of Dat abaseURLCGener at or s. These are used to convert database ID's to
URL'sand links. Y ou can create your own. See NchiDatabaseURL Generator for an example.

« Ali gnnment Mar ker
Delegates most of it's operationsto the Col our Conmand and Al i gnnent St yl er .

o Col our Conmand
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Controls whether apair of charactersin the aignment are styled or not.

o Alignnent Styl er
Decides what style to apply to any given pair of characters.

E.g. To markup mismatches in red you would have a Col our Conmrand that decides only
mismatches are coloured, and then an Al i gnnent St yl er that colours any characters passed to
it asred.

There are a couple of implementations of AlignmentStyler: SimpleAlignmentStyler and
BlastMatrixAlignmentStyler - see the Javadocs for details.

Of course you can also use custom handlers to only pass on a subset of the outpui.

BioJava Blast2HTML tutorial 1.0 by Cambridge Antibody Technology.
Please mail any comments or suggestions to the author or to the biojava-l mailing list.
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