Bioinformatics Web Services

Boyu Yang, Tian Xue, Jing Zhao, Chaitanya Kommidi, Jeetendra Soneja, Jian Li,
Rebecca Will, Bruce Sharp, Ron Kenyon,
Oswald Crasta, Bruno W. Sobral

Virginia Bioinformatics Institute
Washington Street
Blacksburg, VA 24061, U.S.A.

Abstract - Web services is distributed computing technology that provides software services over the Web. The
Cyberinfrastructure Group at the Virginia Bioinformatics Institute (VBI) has adopted the Web service architecture and
wrapped a wide variety of bioinformatics applications and data resources using the technology. Users can browse various
data resources and invoke analysis tools through the services deployed at VBI. We have also developed an integrated
client environment, ToolBus, which is available from http://pathport.vbivt.edu/download. A use case is given to
demonstrate the use of Web services through ToolBus. A complete list of Web services is included.
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1 Introduction

The amount of biological data is increasing rapidly due to the development of high throughput technologies. However, an
increase in the amount of data does not automatically lead to an increase in the amount of biological knowledge unless it is
accompanied with new or improved analytical tools. Bioinformatics data and analysis tools should be hosted centrally for
performance, maintenance, management and access; however that has not largely been the way bioinformatics
developments have occurred.

Web services are a distributed computing technology that provides software services over the web. They have the
following unique features: transport over standard protocols like HTTP; messages are transmitted in XML format, so they
are platform and language independent; a standard public interface described by WSDL; publishing and retrieving through
a UDDI registry; and legacy software can easily be wrapped into Web services with limited effort. These features make
Web services a good choice for deploying our bioinformatics applications.

The Cyberinfrastrucure Group (CIG) at the Virginia Bioinformatics Institute (VBI) has adopted Web services technology
and wrapped a wide variety of bioinformatics applications and data resources using the technology. An integrated client
environment, ToolBus[1], has also been developed for accessing these Web services. Users can browse various data
resources and invoke analysis tools deployed at VBI from anywhere in the world by using these services. In addition to
accessing raw data in databases, Web services can provide a middle layer between a database and the user interface. This
layer analyzes the user submitted data by intelligent computing or searching against certain databases, and finally provides
user the domain knowledge as shown in Fig. 1.

Raw data
Database P - | User Interface
Raw dat:\A ‘/{'aw data + Knowledge
Analysis Tools

(Web Services)

Fig. 1 Web services as a layer of data analysis



2 VBI Web Services Strategy

We have specifically addressed availability, compatibility, usability, security and performance issues in our Web services
development.

Availability: VBI Web services are replicated on multiple, geographically distributed servers to help ensure the availability
in case of a server outage. ToolBus, the interoperable client software developed by VBI, can automatically redirect service
requests to another server when the current contacted server is not accessible. Details about ToolBus can be found on the
PathPort web site (http://pathport.vbi.vt.edu/).

Compatibility: We follow industry standards as specified by W3C[2] in development of our web services, this means other
parties can easily access our web services programmatically by following the W3C standards.

Usability: In order to make our Web services user-friendly, we provide a new function to compensate for a WSDL
deficiency that default values, restrictions, and semantic descriptions of parameters are not specified, which makes it
difficult for a user to enter an appropriate and correct value for a parameter. We developed a WSOPSL — Web Service
OPerationS Language, which provides default values, restrictions and semantic descriptions for all parameters of all
operations. This allows a user to clearly understand the meaning of a parameter and select appropriate parameter values
with a few mouse clicks. The WSOPSL document for each web service is independent of WSDL and can be obtained by a
single method invoke, hence it does not break the industry standards. Another benefit of this extension is that it allows
sequential execution of several operations in a Web service when used with ToolBus. This capability enables some basic
pipeline functionality.

Security: Due to licensing restrictions or special computational resource requirements, we need to restrict some Web
services to be accessible only by authorized users. AAA (authorization, authentication, and accounting) ticket system has
been developed and deployed. Only those users with an AAA account can access the restricted Web services.
Performance: Many biological applications must process huge amount of data or need complex scientific computation, and
these applications usually take a very long time. VBI Web services support a polling mechanism that allows the client
software to submit a job with a unique job ID. When a Web service receives a job and finds that the job may take a long
time to finish, it will inform the client by sending a polling message that contains an estimated completion time. The
network connection will be closed and resources are freed to allow the client to process other tasks. The client can request
the results at a later time when the service has finished by using the job ID. In addition, large datasets are compressed into
zip format and transmitted as an attachment. Binary data, for example graphics, are also transmitted as an attachment.

3 Bioinformatics Web Services Available from VBI’s CIG

After several years of development, a wide variety of Web services are now available, as listed in Table 1 by category (next
page). The full list of services, WSDL URLSs, and their descriptions can be found at http://pathport.vbi.vt.edu/services.

4 An Example Use Case - Comparing Genomes Using Mummer

This example demonstrates the use of ToolBus to access VBI Web services. Mummer[36] is a Web service we provide for
genome wide sequence comparison to find Maximum Unique Matches(MUM) between two sequences. For this example
we will use Mummer to compare one subtype of human flu virus (HIN1) and one subtype of avian flu virus (H5N1) to
discover their sequences similarities.

First, launch ToolBus and select DNA: Compare — Mummer from the Tools panel as shown in Fig. 2. Then, double click
on Mummer or select Mummer and click the Use button to invoke this Web service (See Fig. 3). The user interface allows
the user to select the desired operation and parameters (Fig 3). There are five operations available:
mummer_Annotation_Virus for selecting virus species from a database for comparison; mummer_Annotation_Bacteria for
selecting bacteria species from a database for comparison; MummerFile And-Annotation_Virus and

mummerFileAnd Annotation_Bacteria for selecting one sequence from the user’s file system and another sequence from
the database; and MummerFiles for selecting both sequences from the user’s file system. In this example we select
mummer_Annotation_Virus operation. The first parameter specifies the output format, either MUMs or Extended MUMs.
Within the Reference Sequence and Query Sequence boxes, we select the species, their start and end positions and the type
of annotation. Below the Query Sequence box, there is an Advanced button, which is not shown in the picture. Click the
Advanced button and a group of advanced parameters is displayed; we set the minimum length of match to 10. Click the
Run button to call the Web service. When the query result returns, a model chooser window pops up and the ToolBus
discovered data model is displayed.



Table 1 VBI developed or wrapped tools

Data Browsing:
Genome Browsing
Pathgen Background Information

Sequence Alignment or Search:
BLAST(Cluster Server) [29]
BLAST(TimeLogic server)

GeneOntology FASTA [30]
Protein Interaction Network ClustalW|[31]
Phylogeny: Smith-Waterman [32]
Phylogenetic Tree Browsing Stretcher[33]
Phylip[3] Sean (find potential SNP)[34]
Gene Prediction: Ssaha and SsahaSNP [35]
Genscan[4] MUMmer[36]
Glimmer [5] Hmmer[37]
GlimmerM[6] Rfam/Infernal[38]
GlimmerHMM[7] Cognitor[39]
TigrScan[7] Blat[40]
Fgenesh[8§] Blocks[41]
GrailEXP[9] Microarray analysis:
Orpheus[10] Geneidmap(Gene alias search)
rRNAScan[11][12] Agnes (Cluster program in R [42])
tRNAScan[13] Hclust (Cluster program in R)
GeneMark[14] Kmean (Cluster program in R)
SNAP[15] Rpca (PCA classification in R)
Tfscan [16] Rsom (Gene SOM in R)
Rankgene[17] Anova (Anova analysis in R)
UNVEIL[18] Cluster3.0[43]
TICO[19] SAM(Significance Analysis in R)
Est2Genome[20] Diana (Hierarchical clustering in R)
Probe Design: Multtest (f/t tests, bioconductor [44])
PCR/Hybridization [21] Rsvm (SVM classification in R)
YODA [22] Rfda (Discriminant analysis in R)

Sequence Assembly:

Rknn (KNN classification in R)

Contigs from trace files [23]

Rlda (Supervised classification in R)

Sequence Cut:

Protein prediction:

Restriction enzymes [24] InterProScan[45]
Structure Prediction: Lipop[46]

Psipred[25] ProteinPredict(P2SL)[47]

Memsat[26] FindPept[48]

rbsFinder[27] MSFit[49]

SignalP[28] MSBIast[50]
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Fig. 2 ToolBus main window at startup




The data model for this result is called Sequence Comparison. Select this data model, then click OK, and the default view
(perpendicular view) is displayed. A DAS [51] based parallel view is also available for selection under the View menu.
Figures 4 and 5 show the two views separately.
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Fig. 3 ToolBus User interface for the Mummer Web service
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Fig. 4 Perpendicular view of comparing HSN1 and HINI1 sequences,
the diagonal dashed line shows many MUMs between the two sequences
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Fig. 5 Parallel view of comparing HSN1 and HIN1 sequences, the middle panel shows the MUMs,
the top and bottom panel also shows all annotated features of the two sequences

Figures. 4 and 5 show high sequence similarities between the selected two replicons of the two viruses. This example
illustrates that using VBI Web services through ToolBus allows applications that were not designed to work together to do
SO.

5 Conclusion & Future Directions

VBI’s CIG has developed a wide variety of bioinformatics Web services. Users can browse various data resources and
invoke analysis tools through the services deployed. Continued development of additional Web services is planned, with
particular emphasis on microarray, proteomics, and biological pathway analysis support. Performance tuning and
pipelining capability of Web services are in development. An open-source version of ToolBus for non-commercial use is
available from http://pathport.vbi.vt.edu/download.
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