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Abstract

Large amounts of genome sequence data are avaflailenuch more will become
available in the near future. A DNA sequence albas, however, limited use.
Genome annotation is required to assign biologintérpretation to the DNA
sequence. The aim of genome annotation is to desthie biological function of
every single nucleotide during the life span obaganism. This requires the help of
bioinformatics. Bioinformatics is a multidisciplinaapproach that combines several
areas of expertise in the automated analysis eiuilecular data. To achieve the
goal of proper annotation of a genome, close catjogr between bioinformaticians
and (genome) biologists is required at several I¢evé&Communication in
bioinformatics for genome annotation is a major llelnge on several levels:
communication between computers and communicatievden researchers are
both at stake, as well as the communication betweenputers and human beings.
The global bioinformatics community is moving todara (web) service-based
infrastructure. The second major issue in bioinfatios and genome annotation is
the quality of annotation data. Most annotationeshes in some way or another on
previous annotations. Obviously the quality of spcediction relies on the quality
of the underlying data. The issue of error propagails an important issue in the
field of genome annotation and needs much futuestdin.
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Introduction

Genome annotation is the process of assigning diidb interpretation to a DNA
sequence. A DNA sequence, as a string of nuclexthis limited use in application
and research. Various analyses are required tgrassblogical interpretation to a
DNA sequence. The goal of genome annotation detxribe the function of every
single nucleotide, in any cell or cell compartmehiring the reproduction and the
life span of an organism.The need for bioinfornmtit genome annotation became
evident upon the completion of the first genomes1(@),. Bioinformatics is the
multidisciplinary approach that combines, amongtters, molecular biology,
information technology, mathematics and statigticthe automated analysis of bio-
molecular data. The term ‘bioinformatics’ appearéd scientific literature
somewhere in the 1980’s. It has its roots in fieldstheoretical and computational
biology. Nowadays over 300 genomes have been segd€6). The annotation of a
single genome is an intensive task, from both apdational as a biological
perspective, confirming the importance of bioinfoticg&in genome annotation. A
genome is not annotated by bioinformaticians aldmg,in close cooperation with
biologists. Biologists deliver the raw data andldgical context for the annotation
of a sequence.Often this results in new hypothdsgdead to more experiments by
both biologists and bioinformaticians and ultimgtebntribute to the advancement
of biological understanding.

Computational genome annotation

Complete and in-depth annotation of a genome reguine application of many
diCJerent software tools. The number of separate caatipual executions that
needs to be performed can be extremely high, géngreomplex data flows and
requiring large amounts of CPU-time as well as ddteage capacity. Data must
always be in a form that can intelligibly be preseinto and used by researchers.
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Figure 1: Schematic representation of a small oot project in the form of a pipeline. The input
sequences (1) are analyzed by two gene predidas (2&3) and an analysis of the repetitive regio
(4). The predicted proteins are subsequently coatbagainst a protein database by BLASTP (5).

Workflow management

A simple genome annotation project will consiEseveral gene predictors, a tool
to consolidate gene predictions, a repeat-findtogl, and a BLAST analysis on
predicted genes (Figure 1). This set of tools dmdarder in which they should be
executed is called a “pipeline”. Execution of thipgtine will involve a large
number of separate jobs in which the output of fwie serves as input for a
subsequent job. The results of all analyses medtk stored in a database and
made available to an end user.

On the scale of a complete genome analysis, it quitkly become impossible to
perform all analyses manually. Computational pigs require the use of
specialized software that schedules and keeps tfgobs as well as of the creation
and storage of data and results. Several systeensaailable for this kind of
pipeline or workflow management in a genome anrmtanvironment(12, 15, 18).
Any pipeline system that is able to handle complelaborate and configurable
pipelines requires extensive computing. There eversal possibilities for the scaling
of computing capacity. One is to use a single mprdessor system but these tend
to be expensive and(dcult to scale. A second, more scalable, smhu to use a
cluster of distributed small to midrange systens.1993, the Beowulf project (2)
was the first to implement such a cluster using codity hardware and brought
such systems into the reach of many. Manyedéent systems have since been
developed. These can be divided roughly into twaesy clusters that operate as a
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single multiprocessor computer and clusters in tvisigparate computers (nodes) are
directed by a central control unit. Clusters of fingt type simulate a multiprocessor
computer by using a middle layer that handles camaoation between the nodes.
This type of cluster is particularly designed tondlie large, computationally
demanding jobs but requires specially adapted soéw Two well known examples
are PVM (14) and MPI (10). HMMer (8) and BLAST (1&ye examples of
bioinformatics applications that are able to work VM or MPI clusters,
respectively. In the second type of clusters, felrabmputing is achieved through
distribution of separate jobs by the central cdntwmit (or “master”) over
independent nodes (or “slaves”) that execute theajod return the results back to
the master. This type of clusters does not reqgpexialy adapted software and are
well-suited for the execution of large numbergaifs that require relatively little
computing power. Common job management software dioister computing
includes Sun Grid Engine (SGE) (21), openPBS (18) @ondor (3). The latter is
aimed at heterologous, non-dedicated, hardwatesaable to run on, for example,
idle olice desktops. A complete Linux distribution thatlies dilerent job
management is Rocks (16). If computational faetitare distributed overderent
physical locations, it is commonly named a “gritthplementation of a grid can
provide a level of throughput which is not achideafor a single cluster of super-
computer. A common used toolkit for developing grisl Globus (7) but Condor and
SGE also contain grid-like features. The choiceafalystem depends strongly on the
requirements of an application. As most genome t@tiom pipelines need to
execute large numbers of separate applicationséleend type is in most cases
better suited. Especially as several of the meatisolutions are able to run a “sub-
cluster” of the first type.

Data management and data exchange

A second aspect in automated execution of genammtation pipelines is
concerned with data management. exchange andgsetoiehe various bioin-
formatics tools available use a wide variety ofadimiput and output formats. This
hampers communication between separate analyses.td®l may de- liver an
output that can not be used as input for the neal without a translation. A
notorious example is the output of a BLAST analy&jswhich is a human readable
text document that has undergone many changesll 8mages which are easy to
understand for a human usually breaks softwtesngting to automate a task. It
is extremely dilcult to design a single, generic data formate thuthe inherent
diversity of biomolecular data types (reviewed tei (20)). However, a number of
solutions have been proposed for the standardizatfogenome annotation data,
including the General Fea- ture Format (GFF) (%) AML based BioMOBY (23,
22). GFF is widely used in the bioinformatics conmity, although it is limited in
scope and difficult to extend. BioMOBY provides arm flexible solution for the
exchange of biomolecular data. BioMOBY distingussfiself by not attempting to
describe data, but describes how to describe Bai&OBY is a meta-format. This
makes the exchange of data formats much easieasaadlirect result, the exchange
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of data itself. Before data can be exchanged homvevdecision on the BioMOBY
must still be made. Similar problems apply tcadgtbrage. Raw output from can be
stored as such but this renders the data inactedsibsubsequent inspection and
integration. The database underlying the Generitco®® Browser (19) stores GFF
data and is thus limited to what GFF can descridgain, the use of a meta-format
such as BioMOBY can help in storing data and mgikimore accessible.

Visualization

The final step of an annotation program is to pretiee results of all analyses and
biological interpretations in an intelligible arghsily accessible form to the
biologist. This is a not a trivial task as the ambof data generated is often
enormous. Several strategies can be taken togxplpre and understand genome
annotation data, the best among which is thradgimalization (“a picture is worth
a thousand words”). Among the widely used tooldlakke for the visualization and
exploration of an annotated genome are the Ge@@imome Browser (Gbrowse)
(19) and Ensembl (9). Most visualization tools dnaveen developed as web
interfaces to underlying annotation databases. efti, they generally perform
poorly with respect to interactivity.

Reference

1- Altschul et al. Basic local alignment search.tddMol Biol, 215(3). 1990.
403-10.

2- Beowulf website. URL http://www.beowulf.org/.

3- Condor website. URL http://www.cs.wisc.edu/corid

4- Fleischmann et al. Whole-genome random seqogneind assembly of
Haemophilus influenzae Rd. Science, 269(5223). 1496-512.

5- Generic Feature Format website. URL
http://www.sanger.ac.uk/Software/formats/GFF/.

6 - Genomes online database (gold) website. URL:/lgenomesonline.org.

7- Globus toolkit website. URL http://www.globusgh

8- HMMer website. URL http://hmmer.wustl.edu.

9- Hubbard et al. Ensembl. Nucleic Acids Res, 33Dase issue): D447-53, 2005.
10- Message Passing Interface (mpi) website. URILttp:/hnvww-
unix.mcs.anl.gov/mpi/

11- mpiBLAST website. URL http://mpiblast.lanl.gov

12- Oinn et al. Taverna: a tool for the compositiom enactment of bioinformatics
workflows. Bioinformatics, 20(17). 2004. 3045-54.

13- OpenPBS: Portable Batch System website. URLtpw.openpbs.org/.

14- Parallel Virtual Machine website. URL

http://www.csm.ornl.gov/pvm/pvm home.html.

15- Potter et al. The Ensembl analysis pipelinendaee Res, 14(5). 2004. 934-41.
16- Rocks Cluster Distributrion website. URL

http://www.rocksclusters.org/.




Olnl oDl (65002 (655150 sm (o Lolod (et

% >, s 7 sleetalon il AFAA olesls o YY-YF
" e The 6" National Biotechnology Congress of Iran
L 13-15 Aug, 2009, Milad Tower Conference Hall, Tehhan

17- Sanger et al. Nucliotide sequence of bactesgph phi X174 DNA. Nature,
265(5596). 1977. 687-95.

18- Shah et al. Pegasys: software for executingreadrating analyses of biological
sequences. BMC Bioinformatics, 5:40, 2004.

19- Stein et al. The generic genome browser: iidibg block for a model
organism system database. Genome Res, 12(10). 2892-610.

20- Stein. Integrating biological databases. Nat Benet, 4(5). 2003. 337-45.

21- Sun Grid Engine website. URLhttp://gridengsumsource.net/.

22- Wilkinson and Links. BioMOBY: an open sourc®lbgical web services
proposal. Brief Bioinform, 3(4). 2002. 331-41.

23- Wilkinson et al. BioMOBY successfully integratéistributed heterogeneous
bioinformatics Web Services. The PlaNet exemplasecalant Physiol, 138(1).
2005.

5-17.




