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Abstract 
Bioinformatics experiments can be modelled as workflows whereby the order of each 
computational resource used has been pre-defined.  Workflows in the myGrid project are composed 
and enacted using the Taverna workflow system.  We have compared the use of Taverna with 
classical approaches for performing bioinformatics experiments in the genetic analysis of Graves’ 
disease.  Both classical and myGrid methodologies identified I kappa B-epsilon as a candidate gene 
involved in Graves’ disease, demonstrating that myGrid is capable of producing the same results as 
the classical bioinformatics approach. 

Introduction 
 
Bioinformatics analyses are in silico 
experiments involving the use of local and 
remote resources to test a hypothesis, derive a 
summary or search for patterns (Stevens et al., 
2003a).  These resources may be information 
repositories such as the EMBL (Kulikova et al., 
2004) and Swiss-Prot (Boeckmann et al., 2003) 
databases, or computational analysis tools like 
BLAST (Altschul et al., 1990) and ClustalW 
(Higgins et al., 1994).  The analysis performed 
in an in silico experiment frequently involves a 
combination of these resources that each 
perform a task.  Each of these tasks are linked in 
a specific order to form a workflow process.  
For example, a workflow to investigate the 
evolutionary relationships between proteins 
might begin with acquiring amino acid 
sequences belonging to a protein family from 
Swiss-Prot and then applying the ClustalW 
algorithm to align and identify patterns between 
sequences. 

Organisations have begun to provide 
programmatic access to bioinformatics 
information repositories and analysis tools 
based on Web Services (Stein, 2002), a new 
distributed computing architecture which uses 
existing Internet communication and data 
exchange standards (Booth et al., 2003).  
Resources with Web Service access provide a 
web-based, published, application programming 
interface for interaction with other applications.  
Examples of bioinformatics Web Services 
include the XEMBL (Wang et al., 2002), 
openBQS (Senger, 2002) and Soaplab analysis 

services (Senger et al., 2003) hosted by the 
European Bioinformatics Institute (EBI), the 
services provided by XML Central of DDBJ 
(Miyazaki and Sugawara, 2000), the KEGG API 
(Kawashima et al., 2003) and a range of 
analysis services offered by the PathPort project 
(Eckart and Sobral, 2003). 

The myGrid e-Science project aims to 
provide high-level, service-based middleware to 
support data-intensive in silico bioinformatics 
experiments using distributed resources (Goble 
et al., 2003; Stevens et al., 2003b).  These 
bioinformatics analyses depend on a workflow 
system which can converse with the interfaces 
of Web Services and mediate how data flows 
between resources.  This led to the inception of 
the Taverna project within myGrid which has 
developed an open source workflow tool 
enabling scientists to orchestrate bioinformatics 
Web Services and existing bioinformatics 
applications in workflows.  We have used the 
Taverna workflow system to build and enact 
workflows which model the in silico analyses 
undertaken for the genetic analysis of Graves’ 
disease (GD) (Imrie et al., 2001), and compared 
the performance of this new methodology with 
the classical bioinformatics approach. 
 
Taverna workflow system 
 
The emphasis taken in the Taverna project has 
been to provide working tools for e-Scientists to 
perform their in silico experiments. The 
Taverna software is available as open source 
and can be downloaded at 
http://taverna.sourceforge.net/. 



In Taverna, a workflow is considered to be a 
graph of processors, each of which transforms a 
set of data inputs into a set of data outputs.  
These workflows are represented in the Simple 
conceptual unified flow language (Scufl).  
Current languages were deemed unsuitable for 
composing scientific workflows since the 
existing standards are in flux, and high quality, 
free tools were not available to support 
standards (Oinn et al., 2004).  In addition, Web 
Service standards do not have the levels of user 
abstraction necessary for most bioinformaticians 
and do not offer support for the specification of 
data, processes or resources at a semantic level.  
These requirements led to the specification of 
Scufl which is a high-level, XML-based, 
conceptual language where each processing step 
of the workflow represents one atomic task.  A 
workflow in the Scufl language consists of three 
main entities: 
 
1. Processors 
A processor is a transformation that accepts a 
set of input data and produces a set of output 
data (Fig. 1B).  Processors have a name within 
the Scufl model and a set of both input and 
output ports.  During the execution of a 
workflow, each processor has a current 
execution status which is one of initialising, 
waiting, running, complete, failed or aborted.  
The main processor types currently available 
are: 
 
Arbitrary WSDL type: This type of processor 
allows a single call on a Web Service operation. 
Soaplab type: This processor type calls a 
complete invocation of a Soaplab service as one 
unit.  Soaplab services are Web Services which 
have been created using Soaplab, a tool which 
can wrap command-line programs with a Web 
Service interface based on a description of the 
analysis tool to be deployed (Senger et al., 
2003).  Tools which have been wrapped by 
Soaplab include European Molecular Biology 
Open Software Suite (EMBOSS) programs 
(Rice et al., 2000) and algorithms such as 
BLAST (Altschul et al., 1990). 
Nested workflow type: A processor of this type 
can invoke another child workflow.  Currently, 
only child workflows in Scufl are supported.   
String constant type: This type of processor 
has a single output port on which it returns a 
constant string value.  This processor is of 
particular use when another processor in the 
same workflow requires a default value which 
acts as a parameter.  Another use of this 

processor is the replacement of an input entity 
in test workflows. 
Local processor type: This processor can be 
used to add new local functions which are coded 
as classes to comply with a simple Java 
interface. The local functions currently available 
for use in workflows are shown in Figure 1C. 
 

A workflow can also possess input and 
output data entities.  A workflow input can be 
considered to be a source processor which 
executes instantaneously and makes the input 
value available on its virtual output port.  A 
workflow output can be considered as a sink 
processor which receives a value from its virtual 
input port but never actually executes.  Both 
workflow sources and sinks can be annotated 
with metadata.  Three types of metadata can be 
associated with workflow inputs and outputs: a 
MIME type, a semantic type based on the 
myGrid bioinformatics ontology (Wroe et al., 
2003) and a free textual description. 
 
2. Data links  
Data links mediate the flow of data between a 
data source and a data sink.  The data source 
can be a processor output or a workflow input.  
The data sink can be a processor input port or a 
workflow output.  Each data sink will receive 
the same value if there are multiple links from a 
data source. 
 
3. Coordination constraints 
A coordination constraint links two processors 
and controls their execution.  This level of 
control is required when there is a process 
where the stages must execute in a certain order 
and yet there is no direct data dependency 
between them.  For example, coordination 
constraints can be used to allow one processor 
to go from scheduled to running if another 
processor has status completed.  In most cases, 
no concurrency constraints are required since 
data links will ensure that some processors stay 
in their waiting state until the data they require 
is available.  
 
Scufl workbench 
 
The Taverna tool contains an application called 
the Scufl workbench which enables 
bioinformaticians to write workflows without 
having to learn the Scufl language (Fig. 1).  
This application acts as a container for a number 
of user interface components which provide



 
 

Figure 1. The Scufl workbench application - version beta10.  The advanced model explorer is used to 
manipulate the workflow (A).  At the top level are the different types of entities within a Scufl model; 
overall workflow inputs and outputs, processors, data links and coordination controls (A).  The workflow 
is visualised using the workflow diagram window (B). Processors are displayed in different colours 
depending on their type.  Web Service processors are shown as green boxes, Soaplab processors are 
yellow and local processors are purple.  There is a range of display options supported by the graphical 
view.  Users can view processors with all ports displayed, no ports or only those ports which are bound to 
data links (B). 
 
read-only views and read-write 
controllers/views involved in the composition 
and enactment of Scufl workflows.  The Scufl 
model explorer is a controller view that shows 
the state of the current model as a tree structure, 
and is also used for defining the flow of data 
between processors (Fig. 1A).  The Scufl 
diagram view provides a graphical display of 
the current workflow (Fig. 1B).  The graphical 
display of the workflow is read-only since only 
the Scufl model explorer is used to edit 
workflows. 
 The Scufl Workbench contains a 
service browser which provides a palette of 
processors (Fig. 1C).  Context menus in the 
service panel allow new processors to be added 
to the current Scufl workflow model.  There are 
two methods of populating the palette with 
services.  Processors in the current Scufl model 
can be ‘scavenged’ which involves extracting 
the set of processors contained within the model 
and adding them to the service palette.  The 
palette can also be populated from the Web 

using scavengers for each processor type.  Each 
scavenger requires a URL which, when pointed 
to a directory, will perform a naïve search to 
find files which it can process.  The service 
browser can also be populated with workflows 
when directed with a URL to a directory of 
Scufl workflows (Fig. 1C). 

Workflows can be executed in the Scufl 
Workbench using the enactor launch panel.  
This panel allows inputs to be specified for the 
workflow and launches a local instance of the 
Freefluo enactment engine which has also been 
developed by the myGrid project.  Freefluo is a 
Java workflow orchestration tool for Web 
services which supports a subset of the Web 
Services Flow Language as well as Scufl (Addis 
et al., 2003).  This flexibility of Freefluo is 
provided at its core by a reusable orchestration 
framework that is not tied to any workflow 
language or execution architecture.  The enactor 
core supports an object model of a workflow in 
the form of a directed graph where each node 
has a state machine that defines its lifecycle.  

 



 
Figure 2. The Graves’ disease scenario.  The scenario begins with a microarray analysis experiment (A) 
which is followed by three workflows involving the analysis of microarray data (B), the retrieval of 
annotations (C) and the design of genotyping experiments (D).     

 
Scheduling and state transitions are driven 

by message passing between nodes as the 
workflow progresses.  The core of the enactor is 
decoupled from both the textual form of a 
workflow specification and the details of service 
invocation and data model allowing it to 
orchestrate workflows in a generic way.  This 
flexibility is exploited when Taverna is 
extended to cope with a new processor type.  
The core of the enactor is unchanged but 
Freefluo is extended with a parser for the new 
XScufl processor and a plug-in for the required 
service invocation. 
 
Bioinformatics experiments for 
Graves’ disease 
 
The genetic analysis of GD (Imrie et al., 2001) 
is a real-life biological scenario which was used 

by the Taverna and myGrid projects to test the 
extent of whether its tools could meet the 
requirements of the scientists.  GD is an 
autoimmune disease primarily affecting the 
thyroid gland.  In this condition, lymphocytes 
secrete auto-antibodies which bind to receptors 
on cells in the thyroid, resulting in 
hyperthyroidism.  Symptoms of the disease 
include weight loss, trembling, muscle 
weakness, increased pulse rate, heat intolerance 
and exophthalmos. 

The analysis of GD genetics involves the 
discovery of genes involved in the diseased 
state and the genotyping of single nucleotide 
polymorphisms (SNPs) which are nucleotide 
variations that occur in those genes.  The 
analysis begins with a laboratory microarray 
experiment where the mRNA expression levels 
of over 10 000 genes in lymphocytes from GD 



patients and healthy controls were measured 
using Affymetrix HG-U95A gene chips (Fig. 
2A).  Three workflows were designed, 
composed and enacted as bioinformatics 
experiments for the analysis of the microarray 
data. Each workflow corresponds to a distinct 
phase in the classical in silico process normally 
carried out using a number of web based 
resources, and has a specific function: 
 
1. The first workflow is concerned with the 

analysis of the microarray data to generate 
a list of candidate genes which are 
differentially-expressed in GD and in 
healthy individuals (Fig. 2B). 

2. An annotation pipeline workflow allows the 
retrieval of annotated information for each 
gene in the list including its location in the 
genome, function, other similar genes, 
information about the gene from the 
scientific literature and the SNPs identified 
in the gene.  In addition, it analyses the 
composition and structure of the protein 
encoded by the gene and also the pathways 
that the protein participates in (Fig. 2C). 

3. A final workflow is required to help design 
the wet-lab experiments to test the 
hypothesis generated by the preceding 
workflows. This workflow aids in primer 
design and identifies restriction sites for use 
in Restriction Fragment Length 
Polymorphism (RFLP) experiments to 
genotype control and GD patient 
lymphocyte DNA samples for a given SNP 
(Fig. 2D). 

 
Classical in silico approach 
 
The classical approach to analysing microarray 
data involved using the Affymetrix data mining 
software to identify genes differentially-
expressed between controls and GD patients.  
The information required to make a judgement 
about its candidacy in GD was then collected by 
visiting the web sites of a number of 
bioinformatics databases and tools.  This was a 
time consuming and laborious procedure, 
requiring copying and pasting queries or results 
of one tool as input on web forms and then 
repeating the same procedure for each gene. 

Once a gene with a potential role in GD had 
been selected based on the collected information 
and the experience of the biologist, the SNPs 
within the gene are found by querying SNP 
databases such as dbSNP, HGVBASE and 
HAPMAP, again by using their forms on their 
web-based interfaces.  Confirmation that these 
SNPs are associated with GD was obtained 

from RFLP experiments to determine the 
genotypes of the SNPs in the patient and control 
groups.  The design of the RFLP experiment 
involved visiting websites to find the enzyme 
restriction sites that cut around the SNP whilst 
primers to amplify the region of DNA flanking 
the SNP were designed manually.  A gene 
called I kappa B-epsilon was found to be 
differentially-expressed between control and 
GD patients.  The I kappa B-epsilon gene also 
maps to an area with GD linkage (6p21.1) 
suggesting that it is a good functional candidate 
involved in GD.  Preliminary evidence for 
allelic association at a SNP marker in the 3’ 
untranslated region of the gene was also found 
when SNPs in I kappa B-epsilon were 
genotyped. 
 
myGrid approach 
 
The myGrid approach used the Scufl workbench 
application in Taverna to build and enact 
workflows to perform bioinformatics 
experiments required by the GD scenario.  Prior 
to the composition of workflows, any resources 
required by the GD scenario had to be 
‘wrapped’ as a local or Web Service so that it 
can be consumed by the Taverna workflow 
system.  Resources which were wrapped 
included the ArrayExpress microarray database 
(Brazma et al., 2003) and the Affy R package 
from the Bioconductor project (Gautier et al, 
2004). 

With a service palette populated with 
services (Fig. 1C), workflows were composed 
using the model explorer window of the Scufl 
workbench.  It was essential that the semantic 
details of the data inputs and outputs of the 
service operations were known since the Scufl 
workbench does not support semantic typing 
during workflow composition at the present 
time.  The graphical view of the workflow is 
used during workflow composition to determine 
how input data is transformed by each Taverna 
processor.  The composition of workflows was 
found to be a collaborative process between the 
biologists and bioinformaticians and so being 
able to record and graphically visualise 
workflows were important features. 

The first workflow involved analysis of 
genes based on their expression levels in the 
microarray data set (Fig. 2B).  This involved 
retrieving microarray data from an 
ArrayExpress database Web service to be 
transformed into Treeview format using the 
AffyR service which was then followed by 
running a number of array analyses such as 
outlier analysis or clustering using a microarray 



 
 

Figure 3. The enactor launch panel of the Scufl workbench which has completed the enactment of the 
annotation pipeline workflow of the Graves’ disease scenario.  The result item shown is the sub-graph of 
the Gene Ontology (GO) associated with the GO identifiers which have been assigned to the I kappa B-
epsilon protein. 
 
data analysis service hosted at Hong Kong 
University.  Clustering analyses of microarray 
data can take several hours and notification of 
completion is received via email. 

The second workflow is a gene annotation 
pipeline in which a gene is selected from the 
output of the microarray data analysis 
workflow, and annotation from database 
services such as Swiss-Prot, KEGG, GO and 
MEDLINE with analyses such as BLAST are 
returned (Figs. 2C and 3).  In addition, 
information on SNPs identified in the gene is 
retrieved from the HGVBASE database (Fig. 
2C).  Finally, a genotype assay design workflow 
takes one or more of these SNPs as input to 
design primer sequences and selects restriction 
enzymes for RFLP experiments using the 
Eprimer and Restrict programs from EMBOSS 
which have been wrapped as Soaplab services 
(Fig. 2D). 

Based on the results of the microarray data 
analysis and the information retrieved by the 
annotation pipeline workflows, I kappa B-

epsilon (Whiteside et al., 1997) was selected as 
a candidate gene involved in GD. The 
annotation pipeline also found a SNP associated 
with the 3’ untranslated region of the I kappa B-
epsilon gene.  The third workflow detected the 
same restriction site as used in the classical 
approach and calculated primers which can be 
used to validate the presence of the SNP using 
RFLP. 
 
Discussion 
 
When classical and myGrid approaches were 
compared for performing the above 
bioinformatics experiments in the genetic 
analysis of GD, both methodologies identified I 
kappa B-epsilon as a candidate gene in GD.  
That the same result was achieved by both 
methodologies shows that myGrid is capable of 
producing the same results as the classical in 
silico approach. 

The automation of the bioinformatics 
experiments through the use of myGrid workflow 



technology enabled analyses to be performed 
faster than when they are performed using the 
classical approach.  This saving in time was 
gained through a number of features which are 
present in the Taverna workflow system.  
Perhaps the most time consuming aspect of 
performing bioinformatics analyses when using 
the conventional approach is having to manually 
cut and paste data between the web based 
interfaces of bioinformatics resources.  Taverna 
avoids this since the flow of data between 
bioinformatics resources is defined during the 
composition of the workflow using the Scufl 
workbench application.  The Freefluo enactor 
then handles the transfer of data between 
resources through their service interfaces.  In 
addition, Taverna has iteration functionality 
which allows workflows to iterate over a 
number of items within a data set.  Time is also 
saved if workflows have to be repeated.  Since 
workflows can be stored as XScufl scripts, in 
silico experiments in myGrid are repeatable with 
different parameters for services if required. 

The workflows used in the genetic analysis 
of GD are typical examples of bioinformatics 
workflows involving the querying of 
information repositories and the analysis of data 
using computational tools (Fig. 2).  The 
workflows which have been used in the analysis 
of GD genetics are generic in that they can be 
applied to other scenarios which require similar 
types of workflows.  For example, the 
annotation pipeline workflow will allow a 
disease that is the focus of another group of 
researchers to be substituted in place of GD in 
order to retrieve information about a gene or the 
encoded protein. 

Web Services has been suggested as a 
framework for providing seamless access to 
bioinformatics resources in the life sciences 
community (Stein, 2002).  To this end, there are 
free, open source tools which can be used to 
deploy Web Service interfaces for any 
bioinformatics resource such as Apache Axis 
(http://ws.apache.org/axis/)) and Soaplab. 
(Senger et al., 2003).  However, the generation 
of Web Service interfaces was a significant 
obstacle for biologists since it requires 
programming knowledge and technical 
knowledge of the resource to be Web Service-
enabled. 

Using the myGrid approach, it is possible to 
increase the efficiency of biologists in their 
work by reducing the time spent in performing 
their bioinformatics analyses.   The application 
of the GD scenario has provided a real life 
problem to show that myGrid and the Taverna 
workflow system can produce similar results 

compared to the conventional bioinformatics 
approach. Work has now begun on using myGrid 
as part of the process in confirming the 
preliminary results using more complex 
clustering algorithms with more microarray data 
from a different cohort of patients. 
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