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ABSTRACT

The EMBL-EBI provides access to various main-
stream sequence analysis applications. These
include sequence similarity search services such
as BLAST, FASTA, InterProScan and multiple
sequence alignment tools such as ClustalW,
T-Coffee and MUSCLE. Through the sequence simi-
larity search services, the users can search main-
stream sequence databases such as EMBL-Bank
and UniProt, and more than 2000 completed
genomes and proteomes. We present here a new
framework aimed at both novice as well as expert
users that exposes novel methods of obtaining an-
notations and visualizing sequence analysis results
through one uniform and consistent interface. These
services are available over the web and via Web
Services interfaces for users who require systemat-
ic access or want to interface with customized
pipe-lines and workflows using common
programming languages. The framework features
novel result visualizations and integration of
domain and functional predictions for protein
database searches. It is available at http://www
.ebi.ac.uk/Tools/sss for sequence similarity
searches and at http://www.ebi.ac.uk/Tools/msa
for multiple sequence alignments.

INTRODUCTION

Bioinformatics is a vast and complex multidisciplinary
research area where numerous tools have been developed
over the years to analyse constantly growing amounts of
data. Since 1998, the European Bioinformatics Institute
(EMBL-EBI) has provided public access to various main-
stream sequence analysis applications (1,2). These include
sequence similarity search services (http://www.ebi.ac
.uk/Tools/similarity.html), such as FASTA (3), BLAST

(4,5) and InterProScan (6) and multiple sequence align-
ment tools (http://www.ebi.ac.uk/Tools/sequence.html),
such as ClustalW (7), T-Coffee (8), MUSCLE (9),
Kalign (10) and MAFFT (11). These services are
provided via a PERL-CGI job dispatcher framework for
managing job submission and result representation. This
infrastructure handled more than 16 million jobs during
2009. The popularity of these services has made it neces-
sary to redesign the system in order to minimize mainten-
ance and enhance the integration of features requested by
users. A new and modular framework, called JDispatcher,
has been developed to improve the accessibility and
quality of the services relevant to the biological
community.

JDispatcher framework

JDispatcher is aimed at both novice and expert users and
exposes novel methods of obtaining annotations and
visualizing sequence analysis results through one
uniform and consistent interface. These services are avail-
able interactively over the web and via SOAP and REST
interfaces for systematic or programmatic use. The new
framework provides input validation to assure successful
job submissions, offers new visualization features to assist
in the interpretation of results and uses the EBI search
engine, EB-eye (12), to integrate relevant annotations.

A user can submit sequences using web forms that
contain all supported parameters and their possible
values. The different tools have been grouped into
categories based on their purpose (Table 1).

Within a category, the tools share the same interface
design, which uses well established usability patterns,
such as wizard-like steps to guide the user through the
submission process. It makes use of decision-trees to
validate all the parameters required to warrant successful
job submissions. If the validation fails, the user is notified
about which specific parameters or data are invalid, and
the job is not submitted. Alternatively, JDispatcher
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assigns a unique job identifier and sends a request to a
workload management system for the job to be
executed. The identifier is then used to keep track of the
tasks and to retrieve the results when they become avail-
able. The results of each job are kept for a maximum
of 7 days.

Results representation

The results of an analysis are made available using various
representations (e.g. HTML tables, XML files, images,
etc.). In order to produce these representations, each
result is converted into a generic category-specific model
that is used by a renderer that generates the requested

Table 1. Tools available in the JDispatcher framework

Category Tool

Sequence Similarity
Searches (sss)

Multiple Sequence
Alignments (msa)

psisearch, psiblast, ncbiblast, wublast,
fasta, ssearch, ggsearch and glsearch

clustalw2, tcoffee, kalign, muscle, mafft,
and prank

output. The renderers are specific to the model and not
to the tool, and thus are available across all the tools in a
category. The availability of multiple views of the same
data helps the user to interpret and compare results from
different tools within a category.

Sequence search algorithms produce limited hits
annotation. With the new framework it is possible to
navigate hits and access related information. Figure 1
shows the ‘Summary Table’ of an SSEARCH of mouse
glomulin  (UniProtKB/Swiss-Prot = GLMN_MOUSE),
which is essential for the development of the vascular
system, against the UniProtKB/Swiss-Prot database (13).
Each column heading has clickable arrows that allow
the user to sort the results according to the values in
the columns [e.g. sequence length, score, percentage
identity, positives and E()-value]. Each match is enriched
with links to cross-references and related information in
various data resources (e.g. gene expression, genomic
sequences, structures, function, ontologies and literature
citations). Optionally, the alignment from the search, and/
or the full-annotation for the selected matches can be dis-
played. A hits selection can also be downloaded in fasta
format.

S 3 0 ST

1 SP:GLMN_MOUSE | Glomulin OS=Mus musculus GN=GImn PE=2 SV=1
Cross-references and related information in:

3881 100.0 100.0

P Gene Expression P Nucleotide Sequences P Genomes P Ontologies

P Protein Families W Literature P Protein Sequences

2 SP:GLMN_HUMAN ' Glomulin OS=Homo sapiens GN=GLMN PE=1 SV=2
Cross-references and related information in:

594 3307 856 95.0 0.0

P Gene Expression P Nucleotide Sequences P Genomes P Ontologies
P Molecular Interactions P Protein Families W Literature P Protein Sequences

3 SP:ALF4_ARATH
Cross-references and related information in:

Aberrant root formation protein 4 OS=Arabidopsis thaliana GN=ALF4 PE=2 SV=2 626 168 215 526 0.0039

P Gene Expression P Nucleotide Sequences P Ontologies P Protein Families

P Literature P Protein Sequences
4 SP:PSLS_METJA
Cross-references and related information in:

Phosphosulfolactate synthase OS=Methanocaldococcus jannaschii GN=comA PE=1 SV=1 251 136 256 59.4 0.22

P Nucleotide Sequences P Ontologies P Enzymes P Protein Families P Literature

» Macromolecular Structures

5 SP:MON2_XENLA | Protein MON2 homolog OS=Xenopus laevis GN=mon2 PE=2 SV=1 1721 148 225 517 0.36

Cross-references and related information in:

P Nucleotide Sequences P Ontologies P Protein Families

6 SP:MON2_HUMAN  Protein MON2 homolog OS=Homo sapiens GN=MON2 PE=1 SV=2 1718 142 256 56.5 0.95

Cross-references and related information in:

P Gene Expression P Nucleotide Sequences P Genomes P Ontologies

P Protein Families W Literature P Protein Sequences

7 SP:NDC80_SCHPO | Kinetochore protein ndc80 OS=Schizosaccharomyces pombe GN=ndc80 PE=1 SV=1 624 132 20.2 537 13

Cross-references and related information in:

P Gene Expression P Nucleotide Sequences P Ontologies P Molecular Interactions

P Protein Families P Literature

3 SP:TRMB_CLOB6  tRNA (guanine-N(7)-)-methyltransferase OS=Clostridium botulinum (strain 657 / Type Ba4) 217 120 249 528 24

GN=trmB PE=3 SV=1
Cross-references and related information in:

P Nucleotide Sequences P Ontologies P Enzymes P Protein Families

9 SP.TRMB_CLOBL | tRNA (guanine-N(7)-)-methyltransferase OS=Clostridium botulinum (strain Langeland / 217 118 249 52.8 33

NCTC 10281 / Type F) GN=trmB PE=3 SV=1
Cross-references and related information in:

P Nucleotide Sequences P Ontologies P Enzymes P Protein Families

10 | SPTRMB_CLOB1
Type A) GN=trmB PE=3 SV=1

Cross-references and related information in:

tRNA (guanine-N(7)-)-methyltransferase OS=Clostridium botulinum (strain ATCC 19397/ 217 118 249 528 315

P Nucleotide Sequences P Ontologies P Enzymes P Protein Families W Literature

Figure 1. Summary Table view of the results obtained when searching the sequence of mouse glomulin against the UniProtKB/Swiss-Prot database

using SSEARCH.
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SSEARCH (version: 35.04 Aug. 19, 2009)
Database: uniprotkb_swissprot

Sequence: GLMN_MOUSE Q8BZM1 Glomulin;
Length: 596

Sequence Match

E-value

GLMN_MOUSE Glomulin OS=Mus musculus...

GLMN_HUMAN  Glomulin OS=Homo sapiens...
ALF4_ARATH Aberrant root formation prot... F—

PSLS_METJA Phospt synthas...

MON2_XENLA Protein MON2 homolog OS=... k

MON2_HUMAN Protein MON2 homolog OS=...

NDC80_SCHPO Kinetochore protein ndc80 O... F

TRMB_CLOB6 tRNA (guanine-N(7)-)-methyl... }

TRMB_CLOB1 tRNA (guanine-N(7)-)-methyl...

TRMB_CLOBH tRNA (guanine-N(7)-)-methyl...

TRMB_CLOBK tRNA (guanine-N(7)-)-methyl...

TRMB_CLOBJ tRNA (guanine-N(7)-)-methyl...

TRMB_CLOBM tRNA (guanine-N(7)-)-methyl...

TRMB_CLOBL tRNA (guanine-N(7)-)-methyl...

LYS2_ASHGO L-amin F
DAAM1_MOUSE Disheveled- i activa...
FEZ1_HUMAN Fasciculation and ion ...
SYC_THEP1 Cysteinyl-tRNA O..
SYC_THESQ Cysteinyl-tRNA o..

SYC_THEMA Cysteinyl-tRNA

FLIK_BACSU Probabie flagellar hook-lengt...

ADY3_YEAST Accumulates dyads protein 3...

Y1362_ENT38 Putative transport protein En...

E-value [
0E0 0.02 1

© European Bioinformatics Institute 2006-2010. EBI is an Outstation of the European Molecular Biology Laboratory.

Launched Wed, Jan 27, 2010 at 13:53:00
Finished Wed, Jan 27, 2010 at 13:53:14
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BLASTP (version: 2.2.22 [Sep-27-2009])
Database: uniprotkb_swissprot

Sequence: GLMN_MOUSE Q8BZM1 Glomulin;
Length: 596

Sequence Match

GLMN_MOUSE  Glomulin OS=Mus musculus ...
GLMN_HUMAN Glomulin OS=Homo sapiens ...

ALF4_ARATH Aberrant root formation prote... b————

SYC_THESQ Cysteinyl-tRNA o..
SYC_THEP1 Cysteinyl-tRN o..

SYC_THEMA Cysteinyl-tRNA O...

MUSB‘T_KLULA Crossover junction endonucl...
YQ72_SCHPO UPF0649 protein C1442.02 ... F

PSLS_METJA Phospt synthas...

Y1362_ENT38 Putative transport protein Ent... |
VF335_IIV6 Uncharacterized protein 335.

DAAM1_MOUSE Di i activa... b

ist -
A1AT5_MOUSE Alpha»1-antitry_psin 1-508=... F

HISZ_ALKMQ ATP phospt

ESC’I__YEAST Silent chromatin protein ESC... t -
BCCIP_BOVIN BRCA2 and CDKN1A-int

E-value Subject Match
1 1658
0.0
0.0
3.0E-5 FH——mm —
0.19 e
0.19 e
0.19 | —
0.24 [ -
0.54 e
0.54 —c
1.6 —— e
2.1 _ —
27 b -G
6.0 L
7.8 —— |
7.8 t -
7.8 _

Evaue

RN ———
OEO 0.002 0.044
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Launched Wed, Jan 27, 2010 at 13:54:10
Finished Wed, Jan 27, 2010 at 13:54:18

1 7.8

Figure 2. Comparisons between the Visual output results obtained when searching the sequence of mouse glomulin against the UniProtKB/

Swiss-Prot database using SSEARCH and NCBI BLAST, respectively.

Figure 2 shows the ‘Visual Output’ obtained from
searches using SSEARCH and NCBI BLAST of the
glomulin sequence against UniProtKB/Swiss-Prot using
default parameters. Comparison of the two images
reveals notable differences in the sequence matches
reported by the two search methods. For example, differ-
ences in the aligned regions between glomulin and
aberrant root formation protein 4 for Arabidopsis
(ALF4_ARATH) are clearly visible in both; SSEARCH
identifies two MON2 homologues at E()-values <l
(MON2_XENLA and MON2 HUMAN), which may
indicate there is a structural relationship between
GLMN at the C-terminus of the MON2 homologues,
although these may not share related functions.

Determining which functional domains and families a
protein belongs to is critical to the understanding of the
biological processes it may be involved in. This is import-
ant for the characterization of existing drug targets as well
as in the identification of novel ones. Family and domain
functional predictions have been built into the framework,

using pre-calculated matches from the InterPro
Consortium (14) data. This enables users, not only to
search for sequence similarities when using the UniProt
databases, but also to characterize the sequence query in
terms of domain architectures that may elicit its function.
Figure 3 shows ‘Functional Predictions’ for a hypothetical
bioactive lysophospholipid that was compared against
UniProtKB/Swiss-Prot using NCBI BLAST. The hypo-
thetical sequence has several good homologues, all belong-
ing to the GPCR rhodopsin-like superfamily, which are
clearly seen. This indicates the query protein could repre-
sent a potential target for receptor-binding studies.

In both, the ‘Visual Output’” and ‘Functional
Predictions’ result representations, the matches are
coloured, from red to blue, according to E()-value, using
a relative scale, from the most to the least significant hits
within the result. An absolute scale, which ranges from
E() =0 to E()=1.0, is also available. These aim to aid
the user in deciding whether weak similarities may be bio-
logically significant. These images are available in Scalable
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BLASTP (version: 2.2.22 [Sep-27-2009])

Database: uniprotkb_swissprot

Sequence: S1TPR4_HUMAN 095977 Sphingosine 1-phosphate receptor 4;
Length: 384

Launched Wed, Jan 27, 2010 at 14:28:44
Finished Wed, Jan 27, 2010 at 14:28:53

Fast Family and Domain Prediction
(Query Sequence View)

MATCH

Sphingosine 1-phosphate receptor 4 OS=Hom...

HPANTHER  EDG-6 sphingosine 1-phosphate receptor
HPRINTS EDG-6 sphingosine 1-phosphate receptor
BPROFILE GPCR, rhodopsin-like superfamily
HPRINTS Sphingosine 1-phosphate receptor
HEPFAM 7TM GPCR, rhodopsin-like

HPRINTS 7TM GPCR, rhodopsin-like
BUunclassified

Bunclassified

BUnclassified

IPR004064»  --

Sphingosine 1-phosphate receptor 4 OS=Mus ...

HPANTHER  EDG-6 sphingosine 1-phosphate receptor

IPR004064 >

HPRINTS EDG-6 sphingosine 1-phosphate receptor
BPROFILE GPCR, rhodopsin-like superfamily

IPR017452»
IPR000987 »
IPR004061»
IPR000276»

PTHR22750»
PTHR22750:SF16»
G3DSA:1.20.1070.10»
SSF81321»

Query Sequence >
S1PR3_HUMAN >
Acc: Q99500

IPR0O17452»
IPR004062»>

PTHR22750:SF16»
G3DSA:1.20.1070.10»
SSF81321»

Query Sequence >

S1PR1_DANRE >
Acc: Q9DDK4

HPRINTS Sphingosine 1-phosphate receptor
HEPFAM 7TM GPCR, rhodopsin-like
HPRINTS 7TM GPCR, rhodopsin-like

=] i

Bunclassified
BUnclassified

Sphingosine 1-phosphate receptor 1 OS=Rattu...

BPROFILE GPCR, rhodopsin-like superfamily
HPRINTS EDG-1 sphingosine 1-phosphate receptor
HPRINTS Sphingosine 1-phosphate receptor
EPFAM 7TM GPCR, rhodopsin-like
HPRINTS 7TM GPCR, rhodopsin-like
EPROSITE 7TM GPCR, rhodopsin-like

A :

=]
=1
Bunclassified

"* Sphingosine 1-phosphate receptor 3 OS=Hom...
BPROFILE GPCR, rhodopsin-like superfamily
HPRINTS EDG-3 sphingosine 1-phosphate receptor
HPRINTS Sphingosine 1-phosphate receptor
HEPFAM 7TM GPCR, rhodopsin-like

EPRINTS 7TM GPCR, rhodopsin-like

OPROSITE  7TM GPCR, rhodopsin-like
BUunclassified

Bunclassified
BUunclassified

Sphingosine 1-phosphate receptor 1 OS=Dani...

IPR017452» BPROFILE  GPCR, rhodopsin-like superfamily
IPR0O00987 » EPRINTS EDG-1 sphingosine 1-phosphate receptor
IPR0O04061» HPRINTS Sphingosine 1-phosphate receptor
IPR0O00276 » HPFAM 7TM GPCR, rhodopsin-like
IPR000276 > BEPRINTS 7TM GPCR, rhodopsin-like
IPR000276 > OPROSITE  7TM GPCR, rhodopsin-like
PTHR22750» Bunclassified
PTHR22750:SF16»> Bunclassified
G3DSA:1.20.1070.10» Bunclassified
SSF81321» BUunclassified
E-value | ST

O0EO 1E-180

4.472E-123

2.991E-94 2E-65

© European Bioinformatics Institute 2006-2010. EBI is an Outstation of the European Molecular Biology Laboratory.

Figure 3. Functional prediction view of the results obtained when comparing the sequence of putative bioactive lysophospholipid that was compared

against UniProtKB/Swiss-Prot using NCBI BLAST.

Vector Graphics (SVG), Portable Network Graphic
(PNG) and JPEG output, providing wide compatibility.
The raw result and processed forms, such as the ‘Summary
Table’ content and XML formats are downloadable for
further processing by the user.

The examples above illustrate how, from a single
sequence similarity search, it is possible to access related
sources of annotation, determine visually which results are
relevant and infer gene and protein functional associ-
ations, using the JDispatcher framework.

Web Services

Web Services technologies have opened up important
opportunities for the analysis of life sciences data. It is
now well established that sharing resources, across geo-
graphically distributed networks, is advantageous to sci-
entists and bioinformaticians through the re-use of generic
services, such as those presented in this article. The new
JDispatcher framework provides multiple front-ends: in
addition to the web interface, SOAP and REST APIs
(http://www.ebi.ac.uk/Tools/webservices/) have been



implemented to offer programmatic access using accepted
web services standards.

The SOAP and REST APIs cater for users requiring
systematic access to a wide range of sequence similarity
search and multiple sequence alignment services, which
can be built into local analytical workflows and pipelines
(e.g. Taverna (15), Triana (http://www.trianacode.org)),
KNIME (www.knime.org) (16) and Pipeline Pilot
(http://accelrys.com/products/scitegic/index.html))—
typical usage scenarios include the characterization of
novel genomes and proteomes and the analysis of data
derived from meta-genome experiments.

Using the APIs, complex applications can be developed
in various programming languages, which include:
C/C++, C#, Java, Perl, PHP, Python and Ruby, or
scripting environments such a Bash, csh, batch and
PowerShell. This allows integration of services into
existing and/or new applications that require access to
fast sequence database searching or multiple sequence
alignment methods. To facilitate this type of usage, the
services provide extensive meta-information describing
the available parameters, including their possible values
and descriptions of their purpose.

Typical applications of the JDispatcher framework
services include: providing an alternative interface for spe-
cialist usage targeted at a specific community; integrating
a service into an existing data portal to provide analysis
services; and enhancing analysis results by directly con-
necting the result with the data. These are of importance
to service providers and users of pipelines who may not
have the resources to run and maintain the infrastructure
required to support equivalent functionality.

CONCLUSIONS

The modularity of this new framework reduces mainten-
ance overheads and simplifies the addition of tools and
features. Keeping the result data model and the renderers
separate provides the flexibility to add additional repre-
sentations to all functionally related tools. This improves
the level of usability for both novice and expert users. The
presented visualization examples highlight important
insights in the understanding of existing and new nucleo-
tide and protein sequences from both genomes and
metagenome experiments and suggest novel ways in
which these data can be interpreted.

Academic and commercial laboratories can integrate
the JDispatcher framework services with their local ana-
lytical pipelines or workflows. These represent an import-
ant contribution to the growing number of available
services in bioinformatics and have been submitted to
the BioCatalogue (17) (www.biocatalogue.org), a registry
of freely available web services in the life sciences.
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