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Abstract

The use of "mashups” is expanding considerably in the business environment. Business mashups are usually adopted
within integrating business and data-service frameworks to provide the ability fo develop new infegrated services quickly.
Typically, mashups provide organisations with a pronounced and flexible commodity fo combine internal with external
services in order to create new services, usually accessed through user-friendly Web-browser interfaces. In this study, a
Web 2.0 technology was adopted fo promote a key field of bioinformatics research through the management and au-
tomation of biocinformatics workflows. Consumables (widgets and services) have been developed using the Lotus Widget
Factory, an Eclipse plug-in providing an easy-to-use development environment enabling developers of all skill levels to
create dynamic widgets rapidly. A workflow built fromn widgets works as follows: the core widget receives data from one
or more widgets, invokes a generic Web service, performing iteration and/or recursion, and sends the results to all other
connected widgets. The number of iterations and recursions depends on the input data-set dimension and user-defined
parameter values related to each specific application. Some prototype workflows have been assembled and tested
with a number of widgets created with algorithms from the European Molecular Biology Open Software Suite (EMBOSS),
exposed as Web services. The adoption of recent Web 2.0 technologies, such as mashup platforms, has enabled rapid
generation, sharing and discovery of reusable application building-blocks (widgets, feeds, mashups), and has shown
to be a plausible alternative environment for supporting bioinformatics workflow design, management and execution.

Intfroduction producibility. Amongst the most frequently used
The execution of complex bioinformatics work- f00Is for managing and execufing workflows are
flows is becoming increasingly important for Tavema (Wolstencroft et al, 2013), Bioextract
advanced scientific research, given the huge (Lushbough ef al., 2010) and Galaxy (Goecks ef
amount of data output by next-generation se- Q. 2010). The first of these requires installation
quencing technologies (e.g.. Marguiles et af, 9s a sfandalone workbench, allowing workflow
2005; Bentley et al., 2008). In this context, anal- design and building, plus the ability 1o execute
ysis workflows are becoming more complex fo fhem on the cloud and share them on a public

build, requiing advanced fechnical skills, which Website'. The second is a Web-based applica-
end_users moy nof hcvel TiOﬂ, Wh|Ch doeS ﬂOT O“OW use Of OVO“ObIe Op'

been proposed to meet the typical needs of functionality is based on recording actions per-
bioinformaticians. Examples include the integra- formed by users, and nof on “drag and drop”
tion of multiple data sources (e.g., data stored propositions. Galaxy offers efficient online reuse
on local file systems, query resulfs from public ©Of Previously implemented applications, but its
or private databases, feeds), the availability of difficulty resides in the need for advanced pro-
Compufohona' tools necessary to achieve spe- grdmmlﬂg skills o build new workflows. The main
cific research results, and workflow storage for re-
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goal of this article is to evaluate the usability of a
widget-based ool that facilitates and speeds up
the development of bioinformatics workflows. To
that end, we provide a complete description of
this workflow management and storage system,
presented as a prototype and tested on two lo-
cally assembled bioinformatics workflows in a
mashup framework.

The mashup framework

Mashups are applications that infegrate informa-
fion from different data sources info a single new
service. Data from different sources need 1o be
represented in such a way that users can under-
stand and analyse them. In enterprise IT man-
agement, there is an opportunity to mash up
data from various products, keeping intact data
behaviour and data flow, to provide new insights
(Fichter, 2010).

Mashup techniques have been successfully
adopted in several business areas. For instance,
Boeing (Ayhan et al., 2009), Wells Fargo, the UK's
Kent County, AMEC Paragon and the New York
State Department of Labor (Sezici, 2009) are ex-
amples of the use of mashups for fast applica-
fion delivery and improved decision-making.
Recently, the mashup approach has also been
suggested for use in bioinformatics (Gong, 2013;
Hogan et al.,, 2011; Cheung ef al., 2008), but to
our knowledge a bio-mashup editor is sfill lack-
ing. The kind of issues cited above suggested the
adoption of IBM Mashup Center, an end-to-end
enferprise mashup platform supporting rapid
assembly of widgets, which are dynamic min-
iature Web applications embedded within HTML
pages. This tool includes a Mashup Builder, a
widget-based browser interface that contains all
the necessary components for creating, assem-
bling, configuring and designing objects, such as
widgets, mashup pages and spaces. Moreover,
it provides a set of out-of-the-box, business-ready
widgets, which jump-start mashup creation and
enhance information visualisation options, such
as charting.

The uniqueness of this system lies in the sim-
plicity of extending the mashup environment by
incorporating custom IT widgets from the IBM
Mashup Catalog, or widgets from external Web
resources, including any of the thousands of
Google Gadgets. Furthermore, Mashup Center
allows bioinformaticians to work with feeds, which
can be mixed and transformed into new feeds,
also known as data mashups. Using the Data
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Mashup builder, a visual browser-based tool,
information and business analysts can re-mix,
merge, group, sort, annotate, filter and fransform
feeds in a variety of ways, creating a single view
of disparate sets of information in a very short
fime. Once a mashup is assembled, it can be
easily shared and, by means of some embed-
ded visual tools, the workflow owner can define
users or groups of users who can view or edit their
various pages. Additionally, with just a few clicks,
Mashup Center allows users to customise widg-
efs and pages, and then copy-and-paste the
scripts behind them info a Web page, all with-
out writing additional code. Mashups can also
be published to the Mashuphub catalogue, a
shared environment where other users can easily
reuse them. Figure 1 shows the context diagram
of the adopted platform.

IBM Mashup Center

WebSphere application server
Lotus MashupHub

Deploy

Lotus Widget

Lotus Mashup

1
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e e
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Figure 1. Context diagram of the mashup platform, showing
the developer and the bioinformatics researcher interaction
with the mashup framework. At the top, the developer de-
ploys the widget(s) on the WebSphere application server to
become available to the bioinformatician (bottom) fo cre-
ate a custom workflow.

Implementation

The development of widgets has been carried
out using the Lotus Widget Factory?. This is an
Eclipse plug-in based on the concept of mod-
els that a developer assembles from basic bricks

2 https://www.ibm.com/developerworks/lotus/documenta-
fion/widgetfactory
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called builders. The builders are generic compo-
nents that encapsulate a given capability. Lotus
Widget Factory comes with a large number of
predefined builders, ranging from user-interface
components, such as buttons, 1o components
responsible for fetching data from remote Web
services. A user-friendly wizard interface is as-
sociated with each builder, and lets the devel-
oper specify its characteristics, such as input
data. Once the development has been com-
pleted, widgets are deployed as “WAR" (Web-
application ARrchives) in Lotus MashupHub and
can be added to a mashup page. Our goal was
to obtain detailed insights into the usability of this
framework for the assembly, execution and man-
agement of bioinformatics workflows. To this end,
we implemented separate widgets for some bio-
informatics algorithms in order to offer users easy
assembly of their own workflows. In addition, we
used these widgets to assemble some prototype
workflows. In the following paragraphs, we de-
tail the widgets implemented, covering generic
and/or specific user-defined requisites for DNA/
protein sequence analysis.

Data Source

The Data-Source widget allows selection of anin-
put file from a local file system or a URL invoking a
REST service, and then parses the fetched data.
The parser can interpret different file formats
(EMBL, FastA, efc.) to extract all the contained
DNA/protein sequences and display them in a
free view. At this step, users can choose which of
the sequences will be sent to the next workflow
block. Note that the data are converted to FastA
format and then arranged in an XML structure,
which facilitates communication amongst the
consecutive widgets embedded in the workflow.

Merge and Split

The Merge and Split widgets operate on the XML
dato-flow between widgets. The Merge widget
converts input dafa (sequences, matrices, efc...)
info a unique output data-flow. It is useful fo cre-
ate a single XML file containing sequences from
many files (i.e., coming from a Data-Source widg-
ef). In contrast, the Split widget is used fo sepa-
rate the elements of the XML data according o
a given regular expression, fo facilitate recursive
usage of the subsequent workflow widgets.

WSDL-described Web-service widget
The WSDL-described (Web-Service Description
Language) Web-service widget is the core ap-
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plication of mashup technigques for bioinformat-

ics workflow building. Its main aim is the execu-

tion of an algorithm remotely exposed as a Web
service, implemented by means of the following

Widget Factory builders:

* Web service mulfiple operation and HTML
page builder invoke the Web service, get the
available operations and create the user in-
terface;

e widget event builder, fogether with a data-
decoding Java method, receive and parse
XML data from the previous widget;

* repeated region builder iterates over the XML
structure and enables recursive invocation
varying according to user-defined parameter
values;

e qQction list builder executes the “run” Web-
service action for all the items found in the
XML input data, getting a job ID for each of
them;

* HIML page builder creates a results page
and invokes the “waitfor” and “getResults”
Web-service operations (action list);

e another action list builder stores the results of
the executed jobs in an XML output;

* widget event builder sends the XML structure
to all the widgets connected fo it.

The Web-service widget has been imple-
mented to accept the WSDL file describing
EMBOSS® (Rice et al., 2000) bioinformatics tools
exposed as Web services. With very few customi-
sations, mainly regarding variable names and
eventual multiple inputs, it was possible to create
~200 widgets corresponding to applications in
the entire EMBOSS suite.

REST Web-service widget

The widget executes a REST service call, stores
the results in the XML format output (action list
builder), and sends it to all the widgets connect-
ed fo it (widget event builder).

Recursion widget

The Recursion widget can be wired to a Welb-
service widget, and can collect all the param-
eters from it. This widget subsequently displays a
menu with all the relevant application-specific
parameters, allowing users to set their corre-
sponding values for execution during the recur-
sion.

3 emboss.sourceforge.net
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Weblogo widget
Weblogo* is a Web application that can be used
if a graphical representation is needed to sum-
marise one or more sequence alignments ob-
tained by a given algorithm. The application can
be installed locally or exposed as a REST service.
In summary, the result of creatfing the widg-
ets described above is that users can assemble
their own workflows by choosing widgets from a
drop-down menu and dragging them onto the
application page of the mashup editor and
connecting them. They can also choose which
workflow steps are to be executed automati-
cally, simply by checking a box on each user
interface. Another important aspect of this sys-
tem is the ability fo inspect intermediate results,
as each widget included in the workflow shows
the results it has produced. This can be useful for
frouble-shooting and further adapting bioinfor-
matics workflows.

Results and Discussion

The main result of the solution described here
is the availability of a prototype workbench
system 1o develop and build either classical
analysis workflows or more complex ones. Our
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experience in building this prototype has shown
that biocinformatics researchers can easily de-
sign and develop their own workflows and ap-
plication pages using different tools and data
sources. Apart from the existing default widgets,
including those mentioned above, a palette
of widgets providing the EMBOSS suite applica-
fions has been added. In addition, the system
flexibility allows advanced users to add new ap-
plications, and therefore create new widgets.
To validate the functionality of this system, two
workflow case-studies are presented in the fol-
lowing paragraphs: i) a phylogenetic inference
workflow, and ii) a universal primer-design and
validation workflow.

Phylogenetic inference workflow

Our first example of a workflow assembled us-
ing the Mashup Center is phylogenetic inference
using the neighbour-joining (Saitou and Nei,
1987; St John et al, 2003) or UPGMA (Reguant
and Bordons, 2003) methods, commonly used
in molecular-evolution studies. The workflow con-
structs a consensus phylogenetic tree (Figure
2 shows the first steps of the workflow), starting
from a set of DNA sequences, and assigns d
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Figure 2. Partial representation of the phylogenetic inference workflow in the mashup editor. Input and split widgets are
shown at the top, while the bottom ones correspond to emma and eseqgboot, the first two steps of the workflow.

4  weblogo.berkeley.edu
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bootstrap value to each node of the tree. It has

been tested on a data-set comprising 600 DNA

sequences (600 bp long) of the cytochrome
oxidase subunit-one (COIl) mitochondrial gene

(Janzen ef al., 2005) belonging to organisms of

the Hesperiidae family. Our workflow comprises a

Data-Source widget and five WSDL Web-service

widgets, each invoking one EMBOSS application:

* emma executes a multiple alignment across
DNA sequences provided in FastA format;

e esegboot generates multiple data-sets
(alignments), which are resampled versions
of the input data-set, necessary to compute
the statistical significance of the final output
phylogenetic tree;

* ednadist computes the distance matrix cor-
responding to the input alignment;

* eneighbor estimates phylogenies from dis-
tance-matrix data using the neighbour-join-
ing or the UPGMA clustering methods;

* econsense retumns the consensus phyloge-
nefic tree.

Universal primer-design and validation work-
flow

In order to implement and accomplish the uni-
versal primer-design workflow (in Figure 3), we
combined several bioinformatics tools able, on
the one hand, to design universal primer-sets
pased on multiple DNA sequence data and, on
the other, fo validate the primer pairs obtained on
the starting data-set. Primer universality is a cru-
cial step in environmental sequencing studies,
as the maximum number of organisms is farget-
ed during PCR enrichment prior to sequencing.
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The workflow has been tested on a data-set of 64
DNA sequences, corresponding o the gene ITS-
1 of Pucciniasfraceaqe, extracted from [TSoneDB
(Santamaria et al., 2012). A detailed description
of the workflow steps is provided below:

* emma aligns the initial DNA sequence data-
set;

e cons defines a consensus sequence corre-
sponding o the multiple alignment;

e einverted controls inverted repeats on the
consensus sequence;

* extractseq exiracts a new consensus se-
quence free from repeated pattems, and
keeps its length intact;

e eprimerd performs primer design, taking
the newly obtained consensus sequence as
template, and outputs a numiber of primer
pairs having different characteristics (e.g., GC
content, linguistic complexity, PCR product
length, efc.). At this step, users can choose
the best primer pairs that fit their experiment;

* afinal universality validation step is performed
on the initial data-set by in silico PCR using the
primersearch program. It is important to note
that, in this last step, the mis-match percent-
age value can be changed according to ex-
perimental needs.

IBM Mashup Center is a flexible platform that
can readily resolve bioinformatics issues. It can
be seen as a collection of different tools and
sources expressed as Java code, Web services,
databases, Web applications and portals to ful-
fil the typical needs of bioinformatics research-
ers. The main benefit of the proposed platform
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Figure 3. Schematic representation of the Primer Design Workflow, illustrating the basic actions computed by the workflow.
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is its user-friendly interface to rapidly assemble
fools and sources info a single workflow, and
as an interface to different features provided
by the MashupHub catalogue. Currently ongo-
ing enhancements include optimisation of the
implemented widgets by improving their perfor-
mance, and the development of new widgets.
In addition, the user interface will provide, in fu-
ture, the possibility of easily creating user-defined
Web services. This would facilitate the assembly
of complex workflows completely tailored to us-
ers’ needs.

Availability and requirements

The system was tested locally and is currently
still a prototype. It will be released with its com-
plete documentation and requirements once
the above-mentioned opftimisations have been
achieved.

Key Points

» Bioinformatics workflows are built from different tools,
each executing their own bio-computational tasks,
working fogether in a standardised manner.
Bioinformatics widgets are core dynamic elements of
graphical user interfaces that contain embedded bio-
informatics applications.
* Mashups are applications that infegrate information
from different data sources info a single new service.
Bioinformatics widgets can be connected within a
mashup framework to form a bioinformatics workflow.
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