
































































































































































































































































































































































































































Chapter 5: Detection of Identical or Similar Proteins from 2D Gel Electrophoresis Images
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Figure 5.7. Identifying the spot at the same orientation as it is in the source image
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Figure 5.8. Identifying the neighbourhood spots at the least variance position
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Figure 5.9. Matching spot in the target image at the same location as it is in the
source image. [a] Source image and [b] spot found in the target image.

The experiment is carried out on ten gel electrophoregram images (Table 5.1) and
it successfully identified spot at the same orientation in different target images. In this
case, the best nearest similarity value is used to choose the best matching. For similarity
search, the variance value is used. This is carried out by determining the vector v and the
variances 4; as described in equation (iv). The spot with least variance is chosen as the
same or similar protein spot on the line of the path (Figure 5.10). Overall performance
shows 90% (Table 5.3) successful identification of spots at least variance position in the
target image. The image ELC (Appendix D) is taken as a source image. A spot is selected
in the source image. All the target spots are identified successfully in the target image
except the one in the LYP image (section 5.5). The image RBC (Appendix D) does not
contain any target spot on the line of path and thus the algorithm could not find any

similar spots as anticipated.
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Table 5.3. Identifying the target spot in real image

Image Angle Length Mean Total Variance Spot Identified
To spot gray value withsource type automatic-
Value ally
ELC 58.76 713 0 130.0 Source
RBC - - - - - No spot  Not on line of path
HPG 58.76 713 0 130.0 0.0 Target Yes
Al4 5644 73.1 0 129.5 0.5 Target Yes
CSF 51.56 78.2 0 129.7 03 Target Yes
PLT 5923 70.1 0 129.4 0.6 ‘Target Yes
LVR 56.23 70.2 0 126.4 4.4 Target Yes
LYP 56.87 70.2 0 127.0 3.0 Target No
SOD 5823 713 0 129.5 0.5 Target Yes
LDL 61.34 69.0 0 130.3 0.3 Target Yes
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Figure 5.10. Identifying the neighbourhood spot the in target image.
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5.3.5. Shape comparison

In this experiment a single spot is chosen and the variation between source and
target spot is calculated to determine the similarity of the spots. The difference matrix is
used to calculate the variance. For example, the spots in Figure 5.11 show the variation
that exists between the two spots. Shape variance within an offset is taken as an indicator
to establish that the spots are similar. Table 5.4 illustrates the parameters used for this
comparison. These spots are considered to be similar because the shape variance falls

within an acceptable region of tolerance value. In this case the shapes show 94% variance
(Table 5.4).

Figure 5.11: Source spot (a) and detected spot (b) in the target image for shape
comparison.
Table 5.4. Determining the shape variance

Spot X,y coordinates taken | r values for the | Average Shape variance
for comparison coordinates r %
Source (5,2) 5.385165
spot @23) 5
(3,6) 4.123106 4.68772
(4.4) 4.242641 94.04564
Target (5,3) 4.472136
spot @3) 5 4.40860
(3.4) 5
(4,6) 3.162278

5.4 Retrieving 3D image

This part of the experiment is carried out to show that a 3D image can be retrieved
interactively by selecting a specific spot from the source image. In this experiment, gel
electrophoresis image spots are labelled wusing Melanine software (URL:

http://us.expasy.org/melanie/). The following parameters are stored in the target specific
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dedicated database: all the coordinates, intensity values, positional orientation and the
average shape radius of the spots. When a specific spot is selected in the source image,
the parameters of the selected spot are then matched within this database to retrieve the
3D image which corresponds to the selected spot. A dedicated and task specific database
is created (Khan et al, 2001) to store the resource mapping information. The gel
resources are described in Resource Document Framework (Figure 5.12). The main
feature of RDF is to provide interoperability by adding semantics to the web resources.
RDF describes the whole web page or part of the web page as resource and these
resources are named by URI Resource URI with their properties and values are used to
define a RDF statement. By defining the resources in the RDF body the researchers’ will
be able to configure their own choice of resource database mapping information
according to their specific query. For example, to define a gel spot for protein
Oxidoreductase (Superoxide Acceptor) in human liver sample gel electrophoresis image
the following RDF statements are used to describe the metadata in dedicated database
(Khan et al. 2003a).

<rdf RDF
xmlns: rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#”
xmins:s=http://description. org/schmea/>
<rdf:Description about=""http://www-lecb.ncifctf. gov/cgi-bin/dbEngine/2dwgDB”>
<s:GelSpotl1> ‘
<rdf:Description about="http://www-lecb.ncifcrf. gov/cgi-bin/dbEngine/2dwgDB
<rdf:type resource=http://description. org/schema/Proteins/>
<v:SpotLocation>
<v:SpotDelta> </v:SpotDelta>
<v:SpotTheta> </v:SpotTheta>
</v:SpotLocation>
<v:SpotFeature>
<v:Spotlntesity> </v:Spotlntensity>
</v:SpotFeature>
<v:ProteinDetails>
<rdf:type resource= http://www.rcsb.org/pdb/cgi/explore.cgi?
pid=92441066222151&page=80&pdbld=1S0S /> '
<v:ProteinName>QOxidoreductase</v:ProteinName>
<v:ProteinID>1SOS</v:ProteinI D>
</v:ProteinDetails>
</s:GelSpot>
</rdf:Description>

</rdf: RDF>

Figure 5.12 Description of gel electrophoresis protein spot using RDF
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databases for same or similar protein spots.

Figure 5.14 shows the 3D images that are retrieved from the local dedicated
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Figure 5.14. 3D Protein structures retrieved from the dedicated database, [a] same
protein and [b] similar protein for neighbourhood spot.

5.5. Summary

This chapter has presented a novel approach for identifying identical or similar
spot from target gel electrophoresis image which lies on the same line of path as it is in
the source image. A combination of geometric and image processing techniques have
been used to identify the spot which matches with the features of the source image spot.
Although the technique achieves significant accuracy in identifying the identical or the
similar protein spot, some false matching were also resulted The following factors
affected the final outcome in such cases:

1. image background

ii. the size of the spots, and

iii. the intensity of the spots
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Performance can be increased significantly by adjusting the background contrast.
Histogram equalisation can be useful tool for creating uniform image contrast. However,
a nonlinear transformation can change the shape of the actual image. The contrast of the
image background can also be adjusted by estimating the background values using
morphological opening. Morphological opening has the effect of removing spot objects
(circular shape) with a given predefined radius. But it also modifies the shape of the
objects which therefore leads to image distortion. Binary thresholding and labelling can
be used to pre-process the image for improved performance, however it can have a
detrimental effect on the actual gel spots. Streaks, twin spots and complex regions can
also have a significant effect on the identifying process. The performance can be
increased in several fold by using the Brute Force method or LP approach (Efrat et al.,
2001) which can measure the ellipse encircling the spot. Also the technique described by
Kriegel et al, (2000) to partition the streaks and the complex regions can have a
significant effect when matching with the complex region. Ehrenmann et al., (2000) used
Generalised Hough Tranform method (GHT) for object shape determination.

GHT has been used for determining the contour of the shape and it has then been
extended for shape comparison. A dynamic buffer of radius is used for creating the shape
in the source image and the target spot boundary coverings are then checked with these
values. The novelty of this approach is that the image has not been preprocessed in order
to avoid the image distortion. The spot identifying process described here is dynamic and
the image spot is selected interactively by the user (image object keying). The approach
has emphasized on extracting the directional vector information from the image. Intensity
value of the detected spot shape from the target image is also used as an additional
parameter for achieving further accuracy. This helps to come to a conclusion about the
spot similarity which enables to identify the protein similarity. The approach is also
unique because it searches for the spot only on the line of path and it does not search the
whole image. It uses the key concept of electrophoretic mobility of proteins. This concept
reduces the number of candidate spots to be identified within the image.

The major objective of this approach is to retrieve the 3D structure of the protein
from the Protein Data Bank so that the comparison does not only rely on the spot

matching. Instead it is extended to the visual comparison of 3D structure of the protein.
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To achieve this a meta data description for each spot of an image is created. The meta
data is described in Resource Document Framework for its own flexibility. The elements
of this meta data, delta, theta and the intensity value of the spot, are matched with the
features of the image to retrieve further details about the protein. Once the source protein
spot is selected the 3D structure of the protein is retrieved dynamically without any
further intermediate keying. The retrieval of multiple variant protein structure can be
achieved by describing the resources and assigning appropriate operator in meta data.
Next chapters, Chapter 6 and 7, will explore how this approach can be applied to
initiate the retrieval of further details of the protein. The protein spot of the gel
electrophoresis image can be further linked with molecular biology databases
dynamically which are in public domain. The objective of linking the protein spot with
other databases is to reveal further clinical and genotypic feature from the open resources

that is associated with the selected protein spot in a gel electrophoresis image.
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Chapter 6

Biological Database Integration:
Concepts and Approaches

Chapter Objective

This chapter presents an approach to integrate biological data from multiple resources
into a single page. The chapter looks at the existing integration approaches to construct
federated information systems. The federated information systems development depends
on creating mediators and wrappers. The wrapper creation for web data is complex and)
it is not accurate because of the lack of standardised and structured semantic of web data
for molecular biology. This chapter explores the possibility of using context for
integrating web data.

Chapter Contents

6.1 Introduction
6.2 Integration Concepts for Utilising Multiple Biological Resources
6.2.1 Federated information criteria
6.2.2 Mediator for database federation
6.2.3 Wrapper for database federation
6.3 Web Based Data Sources
6.3.1 Metadata for webs
6.3.1.1 Metadata types
6.3.2 Contexts for integration
6.3.2.1 Using context in web data integration
6.3.3 Wrapper for web data
6.3.4. Navigation through the web sources
6.3.5 Defining contexts and relationships
6.4 Summary
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Chapter 6

Biological Database Integration:

Concepts and Approaches

Computing infrastructures built to support the discovery process are often inadequate,
and the potential of productivity gains through large-scale data integration has not
materialised. While arguments rage about how this might have occurred, the reality is
that, viewed as ‘complete systems’, life science IT lags nearly 20 years behind IT
systems in other industries, where data are more structured.
Donnelly, (2003) Data integration technologies: An unfulfilled revolution in the
drug discovery process, Biosilico vol. 1, No. 2.

6.1 Introduction

Integration of molecular biology depends on successful implementation of
technologies and tools. In many research, for example, Cheung et al, (2001, 2000),
Cluet et al. (2001) and Shanmugasundaram et al. (2001), these technologies and tools
emerge as an aid to molecular biology database integration domain. However,
database integration for molecular biology requires attention on a complete
framework which is more than a technology. Gieger et al. (2003) highlighted in this

regard:

The process of linking gene functions to the multitude of clinical phenotypes by means
of information extraction is still in its infancy. There are a variety of concepts and
terminology used in the clinical environment that arve different from those used in
genome research. Natural language processing methods have been developed to
extract, structure and decode clinical information in patient reports. Nevertheless, the
identification of relationships between entities in genome research and clinical
‘phenotypes still remains a significant challenge.

Gieger et al. (2003) The future of text mining in genome-based clinical research,
Biosilico, vol 1, No. 3.

Issues on framework and web data integration are discussed in this chapter. It
especially focuses on how context based integration is feasible for web based
integration. The issues that support this claim have been highlighted here. However,

just to mention here that the complete methodology for designing, developing and

132



Chapter 6: Biological Database Integration: Concepts and Approaches

running a web based information system for molecular biology databases, is not the
focus of this research and outside the scope of this thesis. The issues of any database
integration which consists a number of layers and which holds mediators and
wrappers for query execution and exporting schemas have been highlighted here.
Section 6.2.1, 6.2.2 and 6.2.3 discuss the criteria for developing database federation
techniques that are widely used for molecular biology integration. The issues of
mediators and wrappers are also discussed here. Finally, a conclusion is drawn that
further research for molecular biology database integration to concentrate on web data
is required. Five critical issues for web based integration are then investigated and the
drawbacks of the present approaches and methods are discussed.

Section 6.3 concentrates on the need of web based integration for molecular
biology databases. This section discusses the necessity of metadata for web based
molecular biology database integration. Although, the web developers created a
strong connection between any search page and the database individually, the role of
metadata was not established to represent a context or purpose of integration. The
metadata plays an intermediate role to interconnect different objects residing in
heterogeneous databases. These issues are discussed in section 6.3.1.

Section 6.3.2 illustrates the construct of metadata based on the context of
integration. A metadata development based on subject domain entails describing a
complete ontology. It has been argued here that a metadata based on context of
integration considering an application domain of molecular biology eases the creation
of the metadata and it helps defining the integration domain.

A carefully defined application domain in molecular biology leads to the
development of wrapper and to resolve the semantic conflict among the objects.
Wrapper also determines the navigational logic to execute queries and direct the
queries to the target sources. The wrappers are the critical issue that needs to be
implemented for web based data integration. Section 6.3.4 and 6.3.5 examine these
issues and utilise these to implement the proposed framework.

Section 6.3.5 analyses the critical aspect of choosing language for describing
the context in metadata. This is also another critical issue because many languages
which are emerging to describe the data contents seem to cover only few aspects, i.e.
either these are highly language specific or these are restricted to the use of describing
their own ontology. This section is proposing that RDF should be used for describing

contexts of integration and it highlights the reasons.
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Section 6.4 finally summarises the chapter and establishes the ground for the
proposed framework.

6.2 Integration Concepts for Utilising Multiple Biological Resources

The biomedical research laboratories are generating high volume of data each
day. To manage these high throughput data, the organisations frequently create
several different databases. These laboratory based data can be linked with federated
databases for target information without creating its own global schema. Laboratory
data will act as component of a database federation by adopting a component based
approach for database integration. This will have a tremendous effect on the cost,
efficiency and maintenance.

The federated information system can act as central point of access to a set of
heterogeneous, autonomous, distributed systems. The laboratory database as a
component of database federation will lead to the database resources which are to be
integrated based on the integration domain. The objective of the biological resource
integration is to interoperate the data between

- the structured, semi-structured and unstructured data sources,
- tightly versus loosely coupled integration, and
- database integration based on data semantics.

Local autonomy needs to be preserved for any integration of biological
resources (Markowitz et al., 1996 and Karp, 1996). However, this is not a
fundamental concern for business database integration where data is standardised
according to business needs. The integration of biological resources requires to have
the following features:

- able to access over the internet,
- able to navigate among different databases automatically, and
- not to be concerned with the structural knowledge of the schema.

This research is investigating the features of database federation to determine
the suitability of current approaches for database integration. It later examines the
approaches for database integration based on the context (semantics) of the web data.
6.2.1 Federated information criteria

Federated Information system is a collection of a number of autonomous
databases which can cooperate with each other to exchange meaningful information
(Davidson et al.,, 1995). In Federated information systems the resources are mainly

constituted by a number of databases with local applications around them and users
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can have access to the global information system as a source of resources (Busse et al.
2000 and Sarker et al, 2003). Unlike the Federated Database Systems, basic
characteristics of Federated information system is based on the fact that participating
resources are not restricted to database systems. This can include a wide variety of
information provisions.

The architecture of federated information system is based on the integration of
global schema. This global schema can be integrated by exporting schema from
participating data resources which is termed as ‘bottom up strategy’ or by defining
global information requirement and developing a global classical schema which is
termed as ‘top down strategy’ (Busse et al, 2000). In bottom up strategy the
integration process starts with the analysis of horizontal correspondence between
component schemas. To implement this, an integrated schema is derived together with
the correspondences between the integrated schema and the export schemas.

In contrast, the top down strategy consider the existing information resources
and then generates a global schema using formal analysis process. In this strategy a
vertical correspondence is established between the global schema and source schema
to allow the translation of queries. Up till now the Federated information systems
research is within the scope of ‘tightly coupled’ approach where a schema export
environment is created and consolidated to one global schema using either top down
or bottom up strategy. The architecture of tightly coupled Federated systems is shown

in Figure 6.1 which was proposed by Busse et al., (2000).
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Figure 6.1. Architecture of a Tightly Coupled Federated Information System
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However, tight connection between federation and foundation layer greatly affects
the incremental development of the system and any changes in the schema of
foundation layer or in the export schema trigger a new integration process.

Busses et al. (1999), classified the Federated information systems into three
different groups. A brief description of these groups are given here. |

- Any federated system without the global schema is called ‘loosely coupled’,
and the federated system with a global schema is called ‘tightly coupled’.
Tightly coupled approach oversees information resources as a single
organisational entity, whereas, loosely coupled approach shares a common
syntax for data publishing and querying (Kemp et al., 2000a). ‘Tightly
coupled’ approach adopts common hardware and software for participating
sites. In loosely coupled approach user do not need to know the individual
query language, however, the user does need to know the schema of the
participating databases for writing the query.

- Federated systems which are permanently materialised of source data in one
local space showed a widespread acceptability in molecular biology database
domain (Schonbach ef al., 2000; Paton et al., 2000). This approach is termed
as ‘Data Warehousing’. Although, the warehouse approach is very fast in
data searching, it has high risk in schema conversion for data materialisation
in molecular biology. Furthermore, it has a risk of suffering with outdated
data because of continuous update of participating molecular biology
databases (Markowitz ef al., 1996).

- Any federated system with lesser extent of semantic integration can create a
major challenge for extracting meaningful information. A higher degree of
integration is achieved if only results from different sources are merged and
if they correspond to a specific context for molecular biology. Identification
of objects is necessary to achieve this, however, this is difficult for
molecular biology databases because of the semantic conflict and lack of

presence of context for integration (Karp, 1996b).

6.2.2 Mediator for database federation
A federative database approach for molecular biology database integration is
not explored in detail. Kemp ef al., (2000a) attempted to create database federation of

molecular biology resources using mediator for database federation. In their approach

3¢



Chapter 6: Biological Database Integration: Concepts and Approaches

mediator describes the content of the data resources that are members of the
federation, including the semantic relationship which exists between them. This
mediator also maps between mediator’s schema and the external resources’ schema.

A mediator based integration is a ‘tightly coupled’ integration for database
federation. It follows a top-down approach for creating database federation. The
creation of mediator follows the following steps:

1. Integration requirement needs to be analysed according to the different

levels of users,

il. It leads to different views because different users have different

requirements, and

1ii. The resulting view is homogenised immediately by integrating the

participating views (Navathe et al. 1986).

A mediator based integration in database federation offers some advantages in
maintaining the system. A mediator also allows changing the structure of data
resources without affecting the global schema, as it only requires to change the
correspondence mapping (Laser, 1998). But, it faces the problem of finding a suitable
global schema.

The top-down approach also leads to a less coherent system since they
introduce only weak bindings between the sources and the integration is based on
common ontologies. In this strategy a comprehensive description of concepts and
specifications are created on a particular domain and this ontology is then used for
describing the content of the data sources.

A database federation consists of more than one mediators. All the mediators
have their own schema. One schema can relate to other schemas of other mediators.
This leads to a high risk of structural and semantic conflict.

Other research in homogeneous mediator based information system, Von
(2000), used the same data model and query language for all the mediators and data is
structured. This creates a major challenge in dealing with the heterogeneous data
sources with heterogeneous mediators which is essential for molecular biology

database integration.

6.2.3 Wrapper for database federation
A wrapper transforms data that is represented in one particular data model of

its “wrapped” data source into a data model representation of the mediator. It also
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translates queries from the query language of the mediator to “queries” executable by
the source. The schema for wrappers depends on the sources as it is a source specific
operation and on the interface that the wrapper uses to access the source. But it is
independent of the mediators schema. A wrapper can be built at the site where data is
resided or at the site where mediator is resided (Von, 2000). A wrapper can be reused
for different data sources of same type, for example, a wrapper for RDBMS of one
data source can be used for another data source with the same RDBMS.

However, problems arise when integrating a new source into the global
systems for the following reasons: (i) specifying a new service based on the
knowledge of the information need on top for creating view, (ii) specifying the
knowledge of the available contents at bottom for local databases and (iii) relating
these to each other. These also require to modify the mediators or to create a new one.
Moreover, these might lead to create new architectural components in the integration
layer (Kutsche and Sunbul, 1999).

The problems rise to several fold when many Bioinformatics or Biomedical
organisations develop and maintain independent databases. These information
become meaningful if they become part of complete dataset, such as web based
resources for Protein Databank or Genome Databank. Web based resources are the
primary issue for the future of molecular biology database integration. Generating a
wrapper for these web resources is a major challenge. Wrapper for web based data
resources are difficult to reuse and it also lacks the standardisation. So the challenge is
to generate a wrapper easily and efficiently.

The next section describes the web data as information resources for
molecular biology and the approaches taken to integrate these web resources.

6.3 Web Based Data Sources

Molecular biology data are emerging as web based resources. These web data
are open, semi or unstructured and hyper linked with one another with different
extents of semantics. These sources often contain overlapping or complementary
information, but they have their own semantics heterogeneity of relationship which is
to be hyper linked. So, the challenge of integrating these biological web resources lies
in extracting and synthesising information from multiple independent web sources
(Huck et al,, 1998).

The problem of semantic heterogeneity is to identify the semantically related

objects in different databases and to identify the resolution of schematic differences
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among them (Kashyap and Sheth, 1998). The web deals with unstructured data which
is not standardised by any authority and this web data is also difficult to exploit as it
lacks the semantics of its contents. To develop an integration domain and mapping
among the objects residing in multiple sources is a challenge. In addition providing
semantics on the contents for data interoperability can make the web based data into a
good source of knowledge (Sondag, 2001).

The next section explores how the Metadata, Context and Navigational
approach among the resources are used for conceptualisation and for adding

semantics to web contents for its interoperability.

6.3.1 Metadata for webs

Metadata is defined as data or information about data. Metadata is one of the
pivotal ideas on which the database components depend. The function of the metadata
is the ability to abstract and capture the essential information from the underlying data
which is independent of representation details (Kashyap and Sheth, 1998). A general
classification of metadata according to Kashyap and Sheth (1998), is described in the

following Section.

6.3.1.1 Metadata types
Various types of metadata are used by different researchers. Two main types

are Content Independent metadata and Content Dependent metadata.

Content Independent Metadata - this type of metadata captures information that does
not depend on the content of the document with which it is associated. Information
content is not captured by this type of metadata but this might still be useful for

retrieval of documents from their actual physical locations.

Content Dependent Metadata - this type of metadata depends on the content of the
document it is associated with. Examples of this are size of a document or date of last
update. The content dependent metadata can be divided into following two categories.
Direct Content Based Metadata - this type of metadata is directly based on the
contents of a document, for example, full text indices based on the text of the

documents.
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Content Descriptive Metadata - this type of metadata describes the contents of

a document without directly utilising the contents of the documents, for

example, textual annotations describing the contents of any page. This specific

type has two sub-categories:
Domain Independent Metadata — in this case metadata captures the
information present in the document which is independent of the
application or the subject domain of the information, for example,
parse trees for HTML or C++.
Domain Specific Metadata - this type is described in accordance with
the application or subject domain of information.

Molecular biology researchers deal with consolidated view of data for any
particular subject or application domain, for example, integration based on human
disease data, integration based on mutation data or integration of data for cell
developmental issues. Domain specific metadata is a major issue for web based
molecular biology integration. Contents in a particular web for molecular biology
only represent a partial datasets within a particular domain. This dataset is not
complete unless it can be linked with other web pages for different sets of data to give
it a more meaningful information within that particular domain of molecular biology.
For example, OMIM web page describes diseases but it does not provide complete
information about gene and its products. But, when it is linked with GDB or PDB web
pages then it gives a complete information about the gAene and its products. It will also
give information about any disease that might be caused due to the mutation in the
gene. However, this integration is only useful for the study of disease but it is not
useful for any developmental study. One needs to create another domain specific
metadata describing the contents of the web for such study.

This implies that domain specific metadata creation is content dependent of
the web that it represents. It helps to abstract the representation details for a particular
subject domain which are more meaningful. Domain specific metadata does not rely
on underlying structure or organisation of the data. It takes into account the context of
integration which might vary from domain to domain. Therefore, this is the most
suitable metadata type to deal with semantic heterogeneity of web which is open and

unstructured.
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6.3.2 Contexts for integration

A context is a knowledge that is required to answer a query for another
system. This can be achieved by the mapping between different schema elements
(Ouksel and Naiman, 1993 and Rector, 2004). This context represents th¢ meaning,
contents and the properties of data. A metadata is associated with thié data for
representation (Rector, 2004).

To understand and represent the knowledge of any web or a collection of web
pages it is required to capture the context of linking the objects and it is also required
to map the related domains of the two objects.

Kashyap and Sheth, (1996 and 1998) identified context which involves a
group of databases and their relationships between the objects of different entities in a
particular subject domain.

A context can describe and abstract the representational details of the
underlying data. These contexts are usually consulted first before processing the
underlying data but they can also be consulted at run-time. These type of contexts
represented in metadata are called Metadata Context (Kashyap and Sheth, 1996).

Other type of context which captures the domain knowledge rather than the
underlying data itself and which forces to represent the conceptual semantic view of
the underlying data is called Conceptual Context (Kashyap and Sheth, 1996). This
conceptual context is built on the terms that are used within a specific domain. The
terms are required to interrelate with each other which depends on the relationship
and which have been described in the subject ontology.

The conceptual context can provide a very useful mean to tackle web
semantics in molecular biology database integration. The challenge of building this
type of conceptual context in molecular biology is to bridge the gap between terms
used in one subject domain and the terms used in another subject domain. Therefore, a
relationship mechanism needs to be established within a particular subject domain in
molecular biology.

The relationship among the terms used in web based molecular biology
databases varies from one subject domain to another. For example, Nucleic acid used
in Protein Databank is related with Gene in Genome Databank, but the meaning is the
same in both cases. The interest of users which depend on the organisation or groups
can also overlap. For example, the users who are interested in diseases will be looking

at the protein data and its structural perspective, whereas the users who are interested
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in cell development will be looking at the protein data and its development
perspective at each stage of the cell.

In molecular biology database domain a fixed set of descriptions of
relationships between objects does not necessarily mean the semantic similarity
between them. An example in this context is explained in the previous paragraph.

Currently web data are link-based, i.e., connected via links, and abstracting
links from documents allows great deal of flexibility. Link abstraction provides the
addition of functionality feature to the web data and it does not affect the conceptual
context. It also simplifies the link maintenance by reusing the links in different
domain. This is why the research has used the conceptual context idea for molecular

biology web data integration

6.3.2.1 Using context in web data integration
Kashyup and Sheth (1996) formalised the definition of objects and their
association among themselves within a context scenario. Any object in a context
scenario specifies the assumptions and helps to extend the object within any database
federation.
A context can be used as a set of contextual coordinates (Kashyap and Sheth,
1998) and it can be represented as, context = <(C, V) (C3,V3)....(Ck, Vk)>
where each Ci corresponds to a context and each Vi represents the relationship
between the objects for the context. Context represents the role of the objects and why
they are related to each other in a particular context of subject domain. The concept of
context can be applied to web data integration for molecular biology where the role of
Ci and Vi can be explained as follows:
Roleof Ci :
e (i, I<i<k is denoting an aspect of context which is a member of the subject
domain.
e (i models the subject domain in a context to link with other aspects of the
context.
e (i may be based on the assumption of links which are allowed by the subject
domain. Any relationship which is not supported by the subject domain is null

and void.
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e (i may not be associated with an object O in the web data although it is in the
subject domain. It does not associate with the application domain or outside the
boundary of the users interest domain.

e (i will be associated with Cj (1si<k), Ci=<(j,Vj> when and only when Ci €C
and Cj eC, where C is a unifying context of all contexts.

Role of Vi:

e Vican be expressed as a set of values for a particular context.

e Vi can refer to another object of another context for relationship mapping.

e Vi can act as a value buffer to extract appropriate values from the web based
databases that support an aspect of context.

e Vi can unify the values that are collected from different databases in their
respective contexts when it is referring to a unifying context.

o Unified Vi can be referred as value extensions for expressing any object more
explicitly that support an application domain.

El-Beltagy et al. (2001) and Mork et al. (2001) proposed a framework for
adding links to web pages based on the context of the user and the web pages. They
used a simple rule based algorithm to utilise links in the creation of generic links in
context. They proposed that if document X and document Y appear in context Z, and
if there is a link related to a concept C in document X, then the same link can be
applied to concept C in document Y. This applies to all documents in context Z. Thus
the model allows to extract multiple source nodes and multiple destinations. Their
algorithm was based on Term Frequency and Inverse Document Frequency technique
where they measured cosine similarity function. In their proposed technique they
abstracted a context via a cluster centroid of terms which represents any given cluster
to group the documents. The major drawback of this technique is that if multiple
concepts represent the same centroid of terms for similarity matching, then it is unable
to differentiate between the documents which represent different concepts. This
scenario is quite common in molecular biology data. For example, gene sequence
annotation and genotypic details of any particular trait share the common terms for
concept representation.

This idea can be extended further by conceptualising the contexts to design
any object and to assert how the components of the objects are distributed in multiple

web sources. These assertions can be described with the modelling of appropriate
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contextual coordinate, which is a particular web resource of interest for particular
subject domain in this research. Although, it may hold different aspects of subject
domain, by associating with other objects of other aspects it can give a new object for
a particular application domain (Figure 6.2). The parent context comprises a set of
component contexts and values. The component contexts describe a set of objects
which are a subset of any application domain. The objects which are described by the
component context are interrelated with each other to define a unifying context for
integration purpose.

A group of similar contexts with their associated values are grouped together
in a set which becomes a Parent context for all the contexts in the group. Parent
context which is a unifying context can hold different objects which is true for their
respective contexts and application domains but it might not hold a complete set of
objects for any subject domain. Mapping of the objects in different schema for web
can be described by Interschema Correspondence Assertions and a set of Intershcema
Correspondence. Assertions reflect the Parent context. In our approach it is
integration domain for a particular application domain (see Chapter 7 for more

details).

Unifying Context

Parent Context (C, V)
Reflects complete

application domain Unifying Values

Object Object
O1=(C1,VD) OnJ:>(Cn,Vn)

Set of contexts 4

Child Context (C1, V1)
Reflects a component of
application domain

Child Context (Cn, Vn)
Reflects component
application domain

Correspondance(01,0n)

[

A

Figure 6.2 A simple schematic diagram of context components

This research has described context as a collection of relationships where any
object which is preloaded will initiate the context activation. These collection of
relationships will also provide a number of access methods to the target web data and
navigation based on the context map (Chapter 7; Section 7.3.1). The research has also
suggested a novel navigational method and an integration domain for accessing web

based molecular biology data.
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6.3.3 Wrapper for web data

Web is a vast source of molecular biology data. In most cases these data are
hidden behind the search forms. These searchable data resides in structured and
unstructured databases. The pages for any web queries are dynamically generated
when a query is submitted to web search forms. It is a major challenge for any web
wrapper to automatically parse, process and interact with the form-based search
interfaces. The steps involved in submiting a query and getting a response are outlined

in Figure 6.3 (Raghavan and Garcia-Molina, 2001).

i Form upload (1)
View Form (2) Form page
Fill out form (3) Form Sm Web query 4_’@
View result (5) Response page L&~ Response upload (5)

Figure 6.3. Steps involve in web queries.

The major concerns for web based data sources to extract any relevant
information are:

- wrappers need to have fault tolerant parsers to collect any desired
information

- wrappers need to divert the searching operators to a number of desirable
sites, i.e., it should be able to link with other navigational site logic so that
it could reach the destination and collect the relevant information from the
HTML pages.

It is time consuming and tedious to build wrapper from scratch if no tools are
involved. So, it is quite reasonable to build any wrapper using Wrapper Specification
Language (WSL). WSL uses text parsing using regular expressions of grammar rules
for HTTP operations. These operations include, form submission, requesting a web
page and parsing the HTML pages. Some of the examples of this language are JEDI
(Huck et al., 1998) and W4F (World Wide Web Wrapper Factory) (Sahuguet and
Azavant 1999 and 2001).

In Sahuguet and Azavant (2001), the authors describe the wrapper language
WA4F as a toolkit to generate wrappers for web sources. W4F functions as an

environment which allows to generate wrappers using a declarative specification
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language and compiles it as a Java component. This Java component can then be used
as a part of an application.

An interface between mediator and wrapper acts as denormalised schema or
universal schema to export information to the web source and to extract any
information from the web. Mediator represents a view of the data to the client once a
successful extraction is completed. WAF performs the following four major tasks:

a. Retrieving a web document

b. Cleaning

c. Extracting information, and

d. Mapping information

Web wrapper consists of three layers. These layers are:

i Communication layer
it. Extraction layer, and
iil. Restructuring layer

The retrieving, cleaning and extracting, and mapping functions correspond to
the communication layer, extraction layer and restructuring layer respectively. A

general architecture of WAF wrapper as described by Sahuguet and Azavant (2001) is

shown in Figure 6.4.
Retrieval rules
Y
Retrieval Agent
A 4
HTML page
pag Map to java
objects
v /
Parser Extraction Rules Mapping Rules
L 4 Extraction data || | Mapper / | _|,| Mappingto
DOM Tree Engine . | XML

Figure 6.4. Block diagram of W4F architecture.

Once a page is retrieved using HTTP protocol, the cleaning stage transforms
the HTML document into a well-formed document so that it can be parsed into a
Document Object Model (DOM) tree. A set of extraction rules using HEL (HTML
Extraction Language) plays a vital role to traverse through the DOM tree to collect the
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elements. In the next stage the mapper maps these values to an exportable structure
which will be suitable for any specific application. Manolescu et al., (2001) used a
similar approach. They used DOM tree to convert multiple structured documents into
XML repositories and it allowed the users to make queries on these repositories.

However, searching web data in molecular biology database requires to
transmit the queries to the wrapper in the form of binding attributes. These queries
then need to be pushed to the source by invoking the search form created by the
source web sites. For example, Protein Data Bank (PDB) web site has details of
protein and nucleic acid structures and other phenotypic details. One needs to fill a
search form to make a query in this web and the form is then submitted to find the -
required information. The database can be searched by using keywords, abbreviation
or by using accession number. Wrapper passes any one operator at any one time to
perform the search and converts the required HTML page into DOM tree (DOM,
2000) for data extraction. It also relates the operator with other operators to find any
specific source and to push the query in the source at the same time. For example,
accession number for GDB needs to be related with the accession number of PDB in
any given context, 7.e. linking genotypic information with the phenotype for disease
analysis. In general, web based data is accessed through the wrapper by using HTTP.
Von (2000) suggested two essential mechanism for web based access:

1. Request HTML pages and execute ‘CGI programs’
il Web forms trigger the query execution

He also proposed a very general architecture (Figure 6.5) to represent any wrapper for

web based data access.

Mediator
Querie Result
Wrapper Data restructuring layer
__Duacxnctionlayer ] Rules
Communication layer
CcaGl HTML
request pages
Web site

Figure 6.5. A general architecture of a web wrapper.
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Shaker et al. (2002) also adopted the concept of utilising the semantic
mapping rules for transforming source data space into mediated schema space. They
stored the rules externally to the metawrapper application.

This research used Von’s (2000) approach to access the web search form and

to retrieve the required HTML pages. This is described in Chapter 7.

6.3.4. Navigation through the web sources

Present web based molecular biology database sites are all form based
(Freidman et al., 1999). They do not follow a well defined topology of HTML pages.
They manually operate on large databases which are updated on a regular basis. These
databases can be searched by using the search forms and by giving some search
criteria. A HTML page is created dynamically in response to the query form
submission. The web pages also allow navigation through multiple servers where
pages are cross linked. For example, PDB and SWISS-Prot (Bairoch, 1993) servers
are cross linked for navigation. The pages are also cross-linked with other pages by
hyperlinks or queries. These queries can be executed by using a hyperlink which
executes a script located at the resource server which retrieves the required static
page.

The success of any web based database integration depends on whether the
data of the resources can be located and accessed dynamically. However, existing
techniques for web based integration mainly focus on the sites which are composed of
conventional static pages. The commercial tools and mining prototypes for the web
are also designed for these types of conventional sites. The enormous amount of
information stored in database and archives have not yet been explored using such
dynamic query (Berendt and Spiliopoulou, 2000).

Berendt and Spiliopoulou (2000) highlighted two issues regarding the quality
of navigation for form based web sites. These issues are:

| - support for navigation across the generated pages which are
resulted from the retrieving documents and which contain links to

other documents, and |
- query capabilities with different searching and browsing patterns,
i.e. key work searching, submitting accession number of any
particular object which may exist within the interactions of a given

web site as a result of users needs and interests.
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Although the individual sources support a common semantics, for example,
shared meaning for the data types and domain, sharing the data among the global
community of users is still a difficult task. Data sharing for the global community is
facing the following challenges (Mihaila et al., 2002):

i data providers need a mechanism for describing and publishing

available sources of data

il data administrators need a mechanism for discovering the location of

the published sources and they need to be able to obtain the metadata
from these sources

iil. users need an effective mechanism for browsing and selecting sources.

In MEMOIR (Managing Enterprise-scale Multimedia using an Open
Framework for Information Re-use) project Roure ef al. (2001) attempted to support
the collaboration effort in an Intranet environments by sharing documents. They
employed one or more link servers which can be interrogated either before or after a
document is viewed. However, MEMOIR is highly dependable on organisational
infrastructure and applications.

A comprehensive navigational approach is required to locate and access the
molecular biology data sources. The efficiency and the accuracy of such navigational
plan also depend on the relevance of data that have been extracted. Such navigational

plan on the basis of application domain is proposed in Chapter 7, Section 7.4.

6.3.5 Defining contexts and relationships

Apart from the HTML documents both XML and XML Schema have also
been adopted widely for molecular biology repository. Wong and Shui, (2001) and
Cheung et al., (2001) described the integration using XML database approach and
XML applications respectively. WWW consortium also proposed the Resource
Description Language and a mechanism for resource location. The example of this is
the emergence of Resource Document Framework (RDF) (RDF, 1999). However,
there is still little support for describing data resources for web and finding the
sources using metadata for the resources. But at present, the researches are still
focused only on bibliographical collection and on information sharing among
specialised collection (Mihaila ef al., 2002). Therefore, attempts are made to add

semantics on data objects for defining the contexts for the integration purpose.
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Despite the impact of HTML and World Wide Web on distributing data, the
main limitation of web is its lack of machine-understandable semantics. This
limitation does not allow to extract the concept of relationships from these distributed
data or to correlate the data with each other (Halevy et al., 2003).

Attempts to focus on web semantics are carried out by turning the web into
knowledge. First step to convert the web into knowledge is to define the meaning of
the data and its relationship. Knowledge representation language RDF and RDF
Schema allow to define different domains and to relate them by using reasoning about
the concepts (Appendix C). It is evident that no domain posses a single description to
represent domain ontology, instead it requires few overlapping descriptions to
represent the concept of any particular domain of subject. This research proposes to
determine the application domain of integration so that single description can be used
to fulfil the requirements and the description of concept can be represented by RDF or
XML for interoperability.

In Halevy et al. (2003), the authors reported about two significant problems to
represent the language for developing any concept. These problems are:

@) A vast gap between RDF and data providers: RDF represents
everything as a set of classes and properties and it creates a graph for
relationships. So, RDF is focused on identifying the domain structure.
The data providers are generating information which does not follow
the complete ontology and the data are based on the application
domain. So it is required to fit the data into the RDF for complete
representation of the domain structure

(i) Expoﬁing data into XML: many data providers export their data into
XML (Shanmugasundaram ef al. 2001). XML has limitations to define
the domain structure, instead, it tends to define the most important
object or entities. So, it provides very comprehensive hierarchical
details of the objects and leave the relationship among the objects
unspecified.

This research is proposing to use RDF to represent the context of the

relationship because:

- RDF does not emphasises on object’s importance, it plays a neutral role.

- It represents graph oriented relationship to link the objects, properties and

values.
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- Tt uses references, containers and certain properties and thus adds semantic

meaning to the objects.

- Relationship between the objects can be defined explicitly with names.

- In contrast to XML the relationship can be conceptualised in RDF

description.

- RDF can name all binary relationships between pairs of objects, whereas,

in XML objects are embedded in hierarchy within the document structure.

- RDF allows the representation of semantic meaning in RDF Schema or it

allows the representation by simply interpreting the data.

- XML schema is based on object-oriented classes and database schema. It

can only represent some degree of semantics by adding keys or references.
But RDF Schema is based on knowledge representation heritage. It takes
ontology to represent the objects in the domain and the relationships
between sets.

- RDF shows more demonstrability of knowledge than most other language.

Despite all these facts, RDF has limitations for developing full ontological
description to model a complex system incrementally. It is often required to draw
inferences about the compatibility of various combinations of components in complex
system. Using RDF graph approach it is difficult to predict the graph of relationships
among the components for assembling them in single modular construct.

RDF provides a basic vocabulary and grammar for representing assertions
associated to any context, where any context is an environment within which some
statement are held to be true and it applies to any particular circumstances. So, RDF
schema which uses its own vocabulary needs to be further extended to establish a
context from a global context by introducing external vocabulary.

For this reason this research aims to capture a higher level and modular
construct of RDF which will be able to model a higher level of abstraction for
components and to maintain a relationship among them. It is also essential to describe
a flexible linkage between the value and the context, rather than depending only on
the ontological relationship between the contents because ontological description can
be revised and the value can be changed frequently. The approach to extend RDF to
represent higher level constructs taking the above factor into account is described in

Chapter 7.
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6.4 Summary
This section highlights the issues that have been discussed in this chapter.

Molecular biology database integration can use-a variety of approaches, e.g. 1i.
federated database with loosely coupled approach, ii. Federated database with tightly
coupled approach and iii. Data warehousing. A clear distinction among these
approaches are described and it is shown that how these approaches are related with
the present work. Although database federation and data warehousing approaches are
widely used techniques it is argued here that emergence of data in web or public
domain has lead to the use of other approaches.

Developing a database federation requires to create a mediator for integration.
A mediator represents the complete ontology of the subject domain for database
integration. It is argued by different researchers that molecular biology database
objects have different meanings in different contexts. It is also argued that it is not
feasible to create an ontology for a subject domain, rather few overlapping ontology
are required to represent a complete subject, specially, in the case of molecular
biology database where data contents have different meanings. Thus, semantic
conflict is a major challenge for creating such a database mediator and for describing
an object description. |

Another major challenge for a mediator is to generate a wrapper which will
communicate between mediator and the data source to export the schema and to
extract the data from the source. Unlike in business data, meaning in molecular
biology data is not the same and data also do not reside in one place. This makes the
task for wrapper generation a complex process. The wrappers are not also reusable for
web based data. So the primary concern for web based integration is to find an
efficient way to select a wrapper.

The data federation in the area of molecular biology are tightly coupled in
order to avoid the complications. This implies that these databases are based on global
schema for integration. It is argued that it is not possible to create the global schema
for integration. Because global schema will not be able to serve the whole community
in a particular subject domain.

It is proposed that publicly available data which are web based needs to be
linked based on the context. In other words, the emphasis is on the meaning of the
objects and how they relate to each other instead of just describing the object. In this

way the object itself is not prioritised and the concentration is on the relationship of
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the object and on defining the purpose of their relationship to each other. A collection
of statements, a context, is described which is only true for a particular application
domain and which is not true for the whole subject domain. In the process of
implementing the context description other issues are revealed and it is apparent that

these issues need to be resolved in metadata level. These issues are:

1. Need for navigational logic to locate the source from the web, and
il. The need for an efficient language to describe the context and the
object relationship

The main objective for any navigational plan is the ability to locate the
appropriate source and the ability to execute the query on the source data which in
this case is the web based molecular biology database.

The potential of using RDF as a medium of expressing context in metadata
level is also analysed. The suitability and power of RDF in describing semantics of
web objects are discussed. It is argued that the RDF in its present form is not
sufficient to describe the appli’cation domain. The research has proposed an extension
of the RDF to deal with this aspect.

The next chapter presents the proposed approach to implement the issues

discussed in this chapter.
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Framework for Molecular Biology
Resources Description and Navigation

Chapter Objective

Variance analysis of genetic data can be achieved by comparing data from different
laboratory and public data resources. This chapter proposes a framework for
interactions with different biological data resources based on the context of the web data
so that a consolidated view of data can be achieved for variance analysis. A formal
description of context of resources and their relationships have been described here
using context graph. The context increases the interoperability by providing the
description of the resources and the navigation plan for accessing the web based
databases. A higher level construct is developed (has, provide and access) to implement
the context in RDF for web interactions. The interaction among the resources is achieved
by describing an integration domain based on the context. The integration domain allows
to navigate and to execute the query plan within the resource databases.

Chapter Contents
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Chapter 7

Framework for Molecular Biology

Resources Description and Navigation

The real problem facing data integration is not the technologies involved, but in
getting everyone to agree on the meaning of the term they use.

-Martin, 2001, Review article for Meeting on Trends in Biotechnology

7.1Introduction

The chapter discusses a novel approach to search heterogeneous multiple biological
resources. The implementation of a framework for resource description and navigation
plan in Resource Document Framework (RDF) using context graph approach is
proposed in this chapter. The framework initiates the searching for data set from
multiple biological resources and it shows how the retrieved results from different
biological resources can be integrated in a single page. This web based approach
provides an alternative to the use of generic schema for database integration (Schonbach
et al. 2000 and Markowitz, 1995b). The approach utilises loosely coupled schema (see
chapter 6) which are less dependent on component data sources. It also coordinates the
integration of component databases without depending on the top level schema/view
model (Kemp ef al. 2000a and Ram er al. 2002). This gives the scope to use laboratory
based, target-specific component databases which are relatively independent and -
autonomous and which will be able to interact with other molecular biology data sources
for more meaningful information without participating into any database federation
(Kemp et al. 2000a). Most of the database integration researches are based on query
optimisation or query script writing (Markovitz, 1995¢, Kemp et al. 2000a, Kemper and
Wiesner, 2001, Cheung et al. 2001 efc.). But the framework as proposed here describes
how interactions with different biological data sources can be achieved with a single

instance and without writing any query scripts. This utilises an integration domain to
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extract the required information The proposed framework has the following unique

features:

L Increase the interoperability between the databases - the internal data model is
always XML based even though the external data model could be text, HTML or
Relational table based.

i, Context description of the resources - these context are implemented in RDF
which increases the interoperability by providing the description of the resources
and the navigation plan for accessing the web based databases.

1. Greater flexibility to design one’s own navigational plan — this includes
participating resources and query needs for a particular purpose.

. Image object keying - image content information is used for initiating the query

and navigation.

7.2. Approach to Database Integration

Database integration approach is discussed in this section. The search scheme to
obtain an integrated view of data sets which are distributed over different data resources,
such as Protein Data Bank (PDB: D,), Genome Data Bank (GDB: D,), and Online
Mandelian Inheritance in Man (OMIM: D,) is described in Section 7.2.1.

The framework based on the search strategy is described in Section 7.2.2. Section
7.3 discusses aspects of meta data description and Section 7.3.1 proposes context graph
model and a formalism for resource description. Section 7.4 describes the RDF model
approach for resources description and Section 7.4.1 describes the context graph
implementation in RDF model for resource description. An integration domain for
navigational plan of molecular biology databases is described in Section 7.4.2 and 7.5.
Section 7.6 presents an approach to describe the metadata for gel electrophoresis image
spot. Finally an example implementing this approach is demonstrated in Section 7.7. The

chapter ends with a brief summary and discussion.
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7.2.1 Strategy for searching

Querying multiple heterogeneous molecular biology databases requires
formulating a query based on the understanding of the comprehensive information of the
molecular biology databases. For example, to find the protein kinase genes, the
following steps are required: find the protein kinase products in the Genome Sequence
Database (GSDB) Product class, find the genes associated with the same Feature as the
Product and write the SQL scripts. It also requires to have the knowledge of accessionID
for eéch entry. The gdb xref attribute of Gene class in GSDB allows to find the
appropriate accessionID attribute of Genome Database (GDB). This shows that one
needs to have a high degree of knowledge in SQL script writing and in underlying
structure of molecular biology databases to find protein kinase gene. This approach does
not help the users to search any specific information easily. In view to this, this research
has proposed an approach to make the integration and the query process easier. The
concept is based on correlation. The correlation operation is carried out between the
defective gene information from the dedicated component database and the normal gene
information from the global databases. The approach allows the researchers to locate
genetic map correlated to local defective gene data. The correlation operation is initiated
by image object keying. The protein product corresponding to the image object keying is
then searched from the global protein database (eg. Protein Data Bank, PDB). The
relevant gene product disease information from Online Mendelian Inheritance in Man
(OMIM) is then retrieved on the basis of this matching. It also retrieves the gene map
from GDB, protein structural details and the corresponding image from the local
database. The block diagram of this approach is shown in Figure 7.1.

This type of complex search needs to combine genetic, developmental, image,
and other textual format of data. A context graph model (Section 7.3.1) is used to
combine these multi-resources into the integration domain. The context graph represents
the correlation among the public domain databases. A resource framework that supports
model-based and hyper linked text data organisation can significantly increase searching

capabilities.
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Image based
disease
database

C Query processing for

data access and
retrieval using
images

Result presented for

Query submitted variance analysis

Single interface to acquire
images and texts from global
databases

Steps for query processing:

1. Searching and retrieval of images

2. Searching and retrieval of correlated gene map

3. Searching and retrieval of protein structural details

4. Hereditary information searching and retrieval based on gene map,
protein details and images

Figure 7.1 Query processing in cooperative environment.
7.2.2 A cooperative framework for database integration
An independent and dedicated database will store all the relevant laboratory

results and images (Chapter 3, Section 3.1). The conceptual level of this component
database consists of resource description and an integration domain. In addition, the
component database also describes the mapping functions for resource linking. The
database uses five converter modules/agents which are the integral parts of this
framework model. A top level architecture of the framework is shown in Figure 7.2.
These modules are mapping linker, meta data extractor, image feature extractor,
dispatcher and result interpreter.

The search scheme employs these converter modules to scan the resource and
navigational framework in order to retrieve the required information from the biological

resources. The function of these modules are explained here (Khan er al., 2002b):
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i Mapping linker- collects the resource mapping information from the component
database. Researchers’ will be able to configure their own choice of resource
databases mapping information according to their specific query. For example,
the retrieved information about any particular disease, the GDB, PDB and
OMIM needs to be added in integration domain. This information will be passed
to meta data extractor.

ii. Meta data extractor- collects meta data which represents the format used in
structural details of the resource databases.

iil. Image feature extractor — collects image data features from the component
database which are based on their contents. This will be used for image
comparison and to understand the structural variances.

iv. Dispatcher — provides content based image descriptions from Image feature
extractor and meta data from Meta data extractor. Dispatcher then submits the
operators to the individual resource databases to establish the link.

V. Result interpreter - captures all the results from individual resource databases. It
then presents the result in an integrated form to the user along with images and
other related local information stored in the component database.

7.3 Meta data description for resources
Many researchers (Cheung et al. 2000, Kemp et al, 2000, Markovitz et al.,

1996) proposed meta data based integration for molecular biology databases. Meta data

were used to store the database structural description for schema comparison. This

approach is widely used for schema transformation and to create datawarehouse, e.g.

OPM model developed by Markovitz et al. (1996). Datawarehousing approach in

molecular biology database integration has drawbacks, such as, information capacity in

schema conversion, data update regularity, defining giobal schema etc. (Chapter 2).
Martin (2001) in a review article, “Trends in Biotechnology”, emphasised the

need for web semantics. He proposed the use of Resource Document Framework (RDF)

for resource description. Martin termed RDF based resource description, or using
¢grd

robotics or agents, as Generation: semantic web’ and suggested that it needs to be

158



Chapter7: Framework for Molecular Biology Resources Description and Navigation

employed for browser and application. The proposed framework attempts to utilise

Resource Document Framework for resource description. However, the RDF model

Local Query

v

T
S

USER

Local Information T

Conceptual level

> Image and Result

Images

v

\ Resource mapping
[

Meta Data extractorJ<——_‘Mapping Linker ] lIm age feature extractor l

Interpreter
Image Data A

Resource

A

DB Links

Meta data

Content based
image description

Meta data extraction

PL Dispatcher I

Resource DB

[elements,... elements , l————

Figure 7.2 A top level framework architecture for multidatabase integration

needs to be extended further to higher-level constructs to tackle the complexity of the

biological web. Because, the same data may exist at different web sites under different

context or it may not follow the traditional approach for relational algebraic operation.

For example, in GDB the gene APPI appears with structural information, eg., gene

location and gene annotation, but in OMIM it is only associated with disease

information, eg., Alzheimer’s disease. This will not allow to correlate with each other

using relational algebraic operation, such as union, intersection etc. The higher level

constructs can include the context of the web resources which will increase the

semantics of the webs. For example, context of ‘genes responsible for diseases’ can
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include all the associated resources and a derived correlation in the resource framework
to increase the semantics of web for the integration purpose.

The following sections describe the context graph of resources to demonstrate
the contents and links among the webs. The linking of the webs is based on the
semantics and on the context of the purpose of integration. This research has proposed
an approach showing how context of data item for a particular web can be included in
the RDF for resource description and mapping. The proposed context graph model is
described in the next section.

7.3.1 Context graph for resource mapping
The context graph model shows the links and relationships which exist between the

public domain databases (Freidman et al. 1999). The context graph G is described using
the following parameters:

- node name and unique ID

- operators: a set of values

- entry point in pages

- resource relation

- edges: links between the nodes

- labeled image object contents.
A graph G is defined with three interrelated subsets as: G=(S, E, L), where S denotes the
object in resource, i.e. page or any particular content, E defines the edges and L defines
the element of an image object. S can be expressed as {u;(vy)...un(vy)} where u denotes
the resource name or ID and v denotes the operator. u(v) denotes an object v of a
particular resource . If any node is linked with another node, then it can be expressed
with edge E as E < u x u; where each e<E is represented as e= ul.u2 if e is edge linking
resource u; and #,. L denotes a labelled image object element with a list of values. The
context graph also describes the entry point to nodes. In order for an entry point node to
be accessed directly the operator needs to have a constant value. Figure 7.3 shows the
context graph model for PDB, GDB and OMIM. This context graph model describes
how the PDB, GDB and OMIM objects are related to each other and how they provide
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access to other target pages either by means of node name (direct linking) or by using
search forms. The diagram shows only those portions of the schema which are related to
the integration objective or which share a common view for integration purpose.
Assuming any page p(x) and its relationship to other page g(y) so that:
- outgoing edges from page for different node exist in different server
- search forms on the page for an access to the target page in different node
- page leads to search form in different node for accessing the target page
To depict these scenarios the context graph is described as follows:

1. If alink from page p(x) to q(y) is labeled with an identifier 7, this is expressed as
Wi—>;
i(x,y) = q¥)-
2. If avalue y must be provided before accessing the target page, this is expressed as
Jorm ui—;
i(x,y) > qy)
3. If a page leads to the target page form to provide a value y before accessing the
target page, this is expressed as

-y form ui—>uy

i(x,y) = f(y) = a(y)
Other parameters to describe a context graph for the resource webs are Page

contents and Element relationship, Entry point relationship, Outgoing edges and Node
type. The parameters with their meaning are described here and their representations are
shown in Figure 7.3.

Page contents and element relationship. The node contents in the graphs are
represented with thin one headed arrow (regular arrow) pointing from an object node
Node(ul) to a Node(u2) which represents a property of u/. It also indicates the value
relationship departing from a node and ending at a value node. For example,
Structure_biology and Geometry of protein in PDB are described in the structure page
and the Geometry information then leads to the sturucture_conformation page. Another

example of node in the diagram is the Type and Marker in GDB shown in the MAP
page.
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Figure 7.3: Context graph for the web contents and links
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Entry point relationship: Entry point relationship is represented by an edge
linking nodes u; and u; where u;, u; S. Double headed arrow in the graph describes the
entry point of a page. The arrow linking for example, nucleicacid ID, protein ID and
PUBMED vprovides the link to the structure of the proteins. In GDB, GSID, OID,
ONAME and object (OBJ) provide the link for the gene map. Also, GSID provides the
link for GS (gene sequence) and ultimately to the OBJ. OBJ then provides access to the
gene map.

The elements disorder, clinical synopsis, OMIM number and gene variants in
OMIM provide the link to the OMIM record.

Outgoing edges: outgoing edges from any page to the target page are described
with dashed arrow head. One value node of one page will provide the target value node
of another page. In this case, a search form, like links, maps relationship to other pages.
The value of the target page parameter, ¥, must be provided before accessing the link.
This is expressed as follows:

w—u; form u—uy

i(x,y) = f(y) = q(y)
Because, node i(x;y) takes to the search form which leads to the target page with the

given parameter y. It can be seen from Figure 7.3 that Nucleic acid id from page
Nucleic Acid will provide a search form for GDB. The parameter GDB_ID will lead to
the target page of GS (gene sequence). Consecutively, GSID of GDB web schema will
provide a search form for OMIM entry. OMIM entry number or any variants of GSID
will lead to the OMIM record.

Node type: Node types are used to describe the node elements such as Structure
in PDB. For example, the contents of PDB are Diffraction, NMR and Chemical
components. These contents make an element of a node which is Protein in our example.
In GDB, CMAP (contig map), LMAP(linkage map) and RMAP (radiation hybrid map)
make an element which is MAP. These node types are represented with thick arrow

pointing towards an element of a page departing from the content.
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7.3.2 Context graph interpretation for resource mapping

Each interpretation in context graph [/ defines a mapping M. A set of values for a
particular mapping M is assumed to have a set of values called V. The map requires to
contain triple ‘has h’, ‘provide p’ and ‘access a’. A simple interpretation I for mapping
M is defined as follows:

1. A nonempty set R of resources, called the domain of / and superset of value V.
2. Resource access a points to the set of resources, RI, R2..Rn, if any value x is in R,

R2..Rn where I(x) identifies arguments for which the resources are true.

3. Aresource R is composed of a set of elements # where h={e,, e, ...e,}.
4. A resource provides a set of values p where I(p)= true.

To illustrate the mapping, from Figure 7.4, the mapping is for the resource {ri:h,
rl:p, rl:a} where <{rl:h rl:p, rl:a}>= true if any value x in r/ for which
interpretation I(x) is in resource {r2:h, r2:p, r2:a} and <{r2:h, r2:p, r2a}>=true if and
only if any value y in r2 for which interpretation /() is in resource {rn:h, rn:p, rn:a} and

<{rn:h, rn:p, rn:a }>=true. In such case the map denotes all the objects in the resource.

Rl | h p. a Domain of
interpretation

Resource R/ maps to
other resources if
context has, provide
and access satisfies

Resource R2 maps to other
resources and other resources
maps back to its previous
resources if context Aas,
provide and access satisfies

——»  Mandatory
........... 9 Optional

Figure 7.4. Resource mapping.
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Any resource R; in Figure 7.4 maps to other resources if any of the context among
has h, provide p and access a satisfies the other resources R to R,. R; and R, also maps
each other if the context value satisfies the resources. The resource from where the
searching has started can point to one or multiple resources but it must point to at least
one resource. The mandatory and optional resource mapping are denoted with solid and
dashed arrow respectively in Figure 7.4. Because the dashed line is optional, so it is not
mandatory that the accessed resource will map to other resources. If resource presents in
any particular integration domain exceeds more than two, then the third resource needs
to be mapped either by the starting resource which maps other resources or by the

second resource which is accessed through the first resource.

7.4 Source Description with RDF

The main feature of RDF is to provide interoperability by adding semantics to the
web resources. RDF describes the whole web page or part of the web page as resource
and these resources are named by URI (Uniform Resource Identifier). Resource URI
with their properties and values are used to define a RDF statement (Appendix C). The
individual components of these URIs are described using the approach described by
Berendt and Spiliopoulou (2000) and El-Beltagy et al. (2001). The summary of these
components is presented in Figure 7.5. These URIs have the following meaning: the
leading hg denotes protocol used to connect with other nodes, <hostDNS> is the DNS
name of the host, where the searching is executed and <linktoPage> is the link to the
target page. The hg, <hostDNS> and <linktoPage> are reffered to as URI prefix. The
optional global parameter list and the object specific parameters are defined as
“GlobRequest” and “ObRequest” respectively. These are used to provide the key values
for the target page. The former one parameterised the remote element which refers to a
set of elements or defines any global operation such as search = Term & field = title
operation for OMIM and explore for PDB. The later represents any particular key values
to reach the target page.
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<webschema> ::=“<hg>://<hostDNS>/<linktoPage>/[<GlobRequest>]?[<ObRequest>]’
<GlobRequest>::= <GlobRequest>=<GlobVal> “&” <GlobRequest>=<GlobVal>

<ObRequest>::= <ObRequest>=<ObVal>

Figure 7.5. Resource description syntax

RDF contains different URI prefixes and parameters for different resources which
form an integration domain. The integration domain D in RDF has a set of triple which
are <Pi, {SD,}, {O}>. Pi denotes the attribute tag to access the URI prefix, SD denotes a
set of URI prefixes and O denotes a set of key values for target page. For example, the
PDB entries can be described in terms of attribute tag, source description and values
using RDF modelling (Figure 7.6 and 7.7). RDF modelling uses node and arc to
represent the source description. If an individual protein is identified by their unique ID
1AAP, then the protein and structural details of that particular protein can be accessed
from resource http://www.rcsb.org/pdb/cgi/explore.cgi. This scenario is modeled using

RDF modelling in Figure 7.6.

http://www.rcsb.org/pdb/cgi

Accessed

http://www.rcsb.org/pdb/cgi/explore.cgi?pdbld=1AAP

™~

Protein Name Structural

(APP1) Description

Figure: 7.6. RDF model for resource description

166



Chapter7: Framework for Molecular Biology Resources Description and Navigation

To represent a collection of resources, RDF uses an additional resource which
identifies the specific collection. This resource must by declared to be an instance of one
of the container object types. The type property is used to make this declaration. The
membership relation between this container resource and the resources that belong in the
collection is defined by a set of properties. These membership properties are named
simply as “ 17, “ 27, etc.. Container resources may have other properties in addition to
the membership properties and the fype property, e.g., additional statements. For
example, a protein data bank resource contains individual protein descriptions which is

modelled in Figure 7.7.

http://www.rcsb.org/pdb/cgi

rdfitype

Rdf: 1
/ /explore.cgi?pdbld=AD

explore.cgi?pdbld=AD

/explore.cgi?pdbld=GGTAI

/explore.cgi?pdbld=1AAP

Proteins

>

Figure: 7.7 RDF modelling for resource containers

A RDF/XML interpretation of the models as shown in Figure 7.6 and Figure 7.7 are
described in Figure 7.8 and Figure 7.9 respectively.
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<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22~rdf-syntax-ns#”
xmlns:s=http://description.org/schmea/>
<rdf:Description
about='’http://www-lecb.ncifcrf.gov/cgi-
bin/dbEngine/2dwgDB” >
<s:GelSpot>
<rdf:Description
about="http://www-lecb.ncifcrf.gov/cgi-
bin/dbEngine/2dwgDB, getTableDataByID,WG00123" "

<rdf:type
resource=http://description.org/schema/Proteins/>
<v:ProteinID> </v:ProteinID>
<v:ProteinName> </v:ProteinName>

</rdf:Description>
</s:GelSpot>
</rdf:Description>
</rdf:RDEF>

Figure: 7.8 Implementation of RDF modelling in XML

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#”
xmlns:s='"http://description.org/schmea/’’>
<rdf:Description
about="http://www-lecb.ncifcrf.gov/cgi-
bin/dbEngine/2dwgDB, getTableDataByID,WG00123" "
<s:protein>
<rdf:Bag>
<rdf:1i resource='"http://www.pdb.oxrg’’ />
<rdf:1li resource=’"http://www.gdb.org’ ' />
<rdf:1li resource='"http://www.omim.og’’ />
</rdf:Bag>
</s:protein>
</rdf:Description>
</rdf:RDF>

Figure: 7.9 Implementation of RDF containers in XML
The importance of RDF is not that it is demonstrably better than any other form
of knowledge representation, but it is widely used as an Internet standard, and it is

designed to be used in an open web environment. Exchanging information between
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computer systems or applications requires agreement about its representation. The RDF
is meant to describe this agreement for web resources. But, for any complex system,
such as integrating molecular biology databases, the basic RDF property-subject-object
construct is not sufficient (Figure 7.6 and Figure 7.7) to describe the components of the
resources without assembling the context relationship in RDF framework. The new
factors, has, provide and access, as described in section 7.3.2 are included into RDF
source description for high level abstraction of the participating components. By
achieving context description of the participating components in RDF framework, high-
level of interactions between the resource components can be captured which enable
more detailed abstraction of the components. Another key feature of introducing
‘context’ into the RDF framework is that it describes the scenario where any component
which is true for any specific resource is true again for any other resources. For example,
describing the scenario ‘genotypic and phenotypic details of Alzheimer’s disease’
requires several components to be implemented first, such as, phenotypic details of
Alzheimer’s disease, genotypic details of Alzheimer’s disease, efc. Any particular
resource can be mapped to component of the ‘phenotypic details of Alzheimer’s disease’
scenario, e.g., in PDB, but any other resource, e.g., SWISS-Prot can also be mapped to
the component for any other purpose, i.e. linking with 2D gel electrophoresis images.
This level of complexity and user’s choice can be accommodated in RDF framework
The next section describes how the context is implemented in RDF statement for

component abstraction and navigation.
7.4.1 Context representation in RDF

RDF is a collection of statements. The statements in RDF explicitly define the
associated resources and their properties. Thus RDF itself is the collection of resources.
The resources in RDF can be referred by the properties of the RDF and these property
values can be used to indicate different relationships between the resources.

The implementation of context in RDF is not direct as it is for resource
description. The context description in RDF requires to have the following

characteristics:
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- Contexts may be related to other contexts in various ways.

- All the contexts have their own values, properties and resources

- The values of the contexts determine the contents of the resources

- The properties of the contexts determine the reasons of the resources
- The resource access provides the target for any particular elements.

These characteristics are expressed by describing a context as a statement set

with some additional structural and logical properties. These are explained as follows:

- rdfc:context is a subclass of rdfc:StatementSet, and it represents a context. By
inheritance this consists of a set of statements. Context implements a set of
statements which provide values, properties and resources. A context can be
a set of contexts for any particular purpose. For example, any context for
resource PDB can ,be described as:

[ProteinDataBank]-------- rdf:type---- > [rdfc: Context]

{
statement of PDB values
statement of PDB properties
statement of other resources
/

In the above example, ProteinDataBank is a context for PDB resource.
This ProteinDataBank context has its own values and properties. It also
provides the URI for other resources.
- rdftype:has indicates values that is a member of a context, and which is also
asserted to be true for a particular resource. This corresponds to the values
that the resource has. For resource PDB it can be described as follows:

[ProteinDataBank] -------- rdf:type -- 2 [rdfc:Context]

{

[www.rcnbi.pdb.org] ------ has 2 “NMR”

[www.rcnbi.pdb.org] ------ has 2 “DIFFRACTION”
[www.rcnbi.pdb.org] ------ has 2 “CHEMICAL COMPONENTS”

/
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In this example, PDB resource has NMR, Diffraction and Chemical
components in the context of ProteinDataBank.
- rdftype:provide indicates properties to show the particular reasons for
accessing the resource. This is true for one particular resource in one context,
but this can also be true for any other resources in another context.

[ProteinDataBank] -------- rdf:type -- =2 [rdfc:Context]

{

[www.rcnbi.pdb.org] ------ has 2 “NMR”

[www.rcnbi.pdb.org] ------ has = “DIFFRACTION”
[www.rcnbi.pdb.org] ------ has 2 “CHEMICAL COMPONENTS”

}

{
[www.rcnbi.pdb.org] ------ provide =2 [BiologicalStructure]

[www.rcnbi.pdb.org] ------ provide 2 [Geometry]
[www.rcnbi.pdb.org] ------ provide = [Enzyme]
[www.rcnbi.pdb.org] ------ provide =2 [ProteiniD]
[www.rcnbi.pdb.org] ------ provide = [NucleicAcidID]
[www.rcnbi.pdb.org] ------ provide = [PubMed]

/

{
BiologyStructure: [Strucutre] ----- has 2 ........

ProteinID: [PID] ---- has = .....
NucleicAcidID: [NID] ---- has 2 .............

}

In this example, the resource is described with a set of values within the context of
ProteinDataBank. The context graph described in Figure 7.3 is implemented in this
example. Within the context of ProteinDataBank the resource has a set of values, NMR,
Diffraction and Chemical components. This resource provides Geometry, Enzyme and
BiologyStructure of a protein. This BiologyStructure, Geometry and Ezyme have its
own values which are implemented by has.

- rdfctype:access are the remote or local URI targets to have access to any

particular element. For any resource PDB it can be described as follows:
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[ProteinDataBank] -------- rdf-type -- =2 [rdfc:Context]

{

[www.rcnbi.pdb.org] ------ has 2 “NMR”

[www.rcnbi.pdb.org] ------ has 2 “DIFFRACTION”
[www.rcnbi.pdb.org] ----- has 2 “CHEMICAL COMPONENTS”

/

{
[www.rcnbi.pdb.org] ------ provide 2 [BiologicalStructure]

[www.rcnbi.pdb.org] ------ provide 2> [Geometry]
[www.rcnbi.pdb.org] ------ provide 2 [Enzyme]
[www.rcnbi.pdb.org] ------ provide = [ProteinID]
[www.rcnbi.pdb.org] ------ provide 2 [NucleicAcidID]
[www.rcnbi.pdb.org] ------ provide = [PubMed]

/

{
BiologyStructure: [Strucutre] ----- has 2 ...

ProteinID: [PID] ---- has = .....
NucleicAcidID: [NID] ---- has =2 .............

/

{

[PID 1] -m--e-emmemv access = www.rcnbi.pdb.org

[PID 2]~ access = www.omim.org.cgi.bin? =value
[NID 1] --mmemmeem- access = www.gdb.org.cgi.bin?=value

/

In this above example, access indicates the target page of the web within the context of
ProteinDataBank which is true for a particular PID (protein ID) and NID (nucleic acid
ID). Any given values for PID I, PID 2 and NID I will lead to the target page of

resources. The context of GDB and OMIM resources are described using similar

approaches.

7.4.2 Integration domain using context

A context is the collection of attributes of any resource where a resource is

described in terms of its values, objects it is providing and any connection to other

resources. The set of expressed contexts for each resource is integrated by creating a

unifying context for all the contexts. This unifying context is used as the domain or
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range of integration. It leads to all the resources which are associated with each other
and which represent a collection of statements describing the objects present within it.
This also allows any context to hold another context without knowing the detail physical
structure. This provides a modular approach for describing any high-level relationships
among the components. The following example shows how to integrate PDB, GDB and
OMIM.

[IntegrationDomain] --------- rdf:type 2 [rdfc:type]

[ProteinDataBank] --- provide = [PID]
[ProteinDataBank] --- provide = [NID]

;PID] ---------- has = “value”
[NID] —emeemee- has 2 “value”

[ GenonfeDataBank] ---provide = [GID]
;G]D] --------- has 2 “value”

[ Omimléecord [] ----provide 2 [OmimNumber ]
ZOmimNumber] ---- has 2 “value”

[ProteinDataBank] --- access 2 [GenomeDataBank]
[GenomeDataBank] --- access 2 [OmimRecord]
[ProteinDataBank] --- access = [OmimRecord]

}
The contexts, ProteinDataBank, GenomeDataBank and OmimRecord, are placed under
the new context [IntegrationDomain] which is unifying all the contexts. The resources
as a whole is attached to another resource, [IntegrationDomain] in this example. Any
changes in the resource will not affect the integration domain. This initiates the query for
the given data, such as protein ID (PID), gene sequence ID (GID) aﬁd Omim record ID
(OMIMNumber), to look for the matching data value within their individual contexts.
The Integration Domain provides a navigational plan to explore and execute the logical
plans for a set of resource webs. In the above example, a map is described using link,

e.g. ProteinDataBank provides link for GenomeDataBank, GenomeDataBank provides
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link for OmimRecord and ProteinDataBank also provides link for OmimRecord. The
values for PID, GID and OMIMNumber provide the operators for accessing the web
nodes individually. Thus, basically, the Integration Domain is providing a navigational
plan to explore and to execute the logical plans for a set of resource webs. The
integration domain selects the locations which is associated with a resource and then a
set of values, such as, PID, GID and OMIM number, act as relation atom to provide the
link with the resources. For example, the web which has protein information needs to
link with web which has gene information. The relation atom for these two web
resources are Protein ID and Nucleic Acid ID. For instance, we can reach the GDB node
with particular GSID if the PDB node with particular PID and NID are provided and if

PID and NID act as relational atom. So, it can be expressed as
PID, NID

PDB(PID) A PDB (NID) = GDB(GSID)

7.5 Search Initiation

The search initiation for target pages residing in multiple resources starts by taking
the input streams from the integration domain (Section 7.4.2). The integration domain
provides the maps for the resources and supplies a set of values to reach the target page.
The search plan is based on the integration domain. The integration domain acts as a
virtual table and the search initiator receives the input data from this table. It passes the
data to the hyperlinks in order to reach the target. All specific search operators and maps
of the hyperlinks for any individual integration plan are transmitted to the search
initiator, the Dispatcher (Kemper and Wilsner, 2001). The Dispatcher then submits the
operators to the individual resource databases to establish the link. Hyperlink for the
search mechanism is carried out by the Dispatch operator (Kemper and Wilsner, 2001).
The basic functions of the dispatcher are:
i the search operators are allocated to its target hyperlink for specific target.
ii. checks the context graph described in RDF for multiple bioinformatics sources

and for mapping more details.

iil. collects elements from each target to compose a whole object and to determine

each map with search operator as a sub-plan of the total integration plan
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iv. creates dynamic memory to hold the subset elements of the output for further
integration into a whole object
A proposed search initiation mechanism is described in Figure 7.10. It is a
bottom up approach to receive the elements from each node and then to pass through to
the next node to receive more elements from the nodes. Finally, when all the elements
are collected from the target nodes, it is then combined into one whole object. For
instance, if data set d is distributed over a number of biological resources, D,, Dy and

D,, then to retrieve d, the following steps are performed:

i access to the D, Dg and D, resources;
it. retrieve the required pages py, pg, po from Dy, Dg and Do;
iii. access the required set of elements e, e, and e, from the pages p, po Po

respectively and then pass the elements of the pages to the result integrator to
embed the elements into a single page p. These steps are shown in Figure 7.11.
The overall objective of the dispatcher is to apply a set of search operators O to
the respective data resource R as described in mapping linker and let OyR;) (I=<i=<n,
where » is a finite value) be a set of derived facts related to the overall search result. A
constructor module based on this concept is implemented to extract the element contents
from the target HTML pages. The basic construct of the module is shown in Figure 7.12.
An integrator module is created to integrate the captured results from individual
resource databases. It presents the results in an integrated form to the user along with
images and other related local information that are stored in the component databases
(see Chapter 3). Document Object Model (DOM, 2000) has been used which is an
Application Programming Interface (API) used for HTML and XML documents
(Appendix C). It defines the logical structure of the documents. A converter module is
then used to convert the DOM file into XML documents for interoperability. A segment

of the converter module is shown in Figure 7.13.
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Result (object)

|

Integrate(el, €2, e3)

l("' Element(e3)

Access (OMIM Number)

Element(e2)

OMIM (OMIMNumber) Access (GID)

/ \ Element(e1)
Access (NID, PID)
GDB(GID) / \

PDB(PID) PDB(NID)

Figure 7.10: Schematic diagram of the search mechanism.

(Require: complete data set)
/ (Event: resource access)
(Component. biological data resources)

(Event: requested pages access directly)
o (Component: requested pages)

1]
P, Pg P

l l l (Event. elements access)

e e ¢  (Component: element content)

\ ¢ ¥ (Event. integration of elements content)
P (Result: page p with element e)

Figure 7.11: Events and Components for searching the element content
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public static String getText (String URIStr) {
final StringBuffer buf = new StringBuffer();
try {
HTMLDocument doc = new HTMLDocument () {
public HTMLEditorKit.ParserCallback getReader (int loc) {

return new HTMLEditorKit.ParserCallback()
public void handleText (char[] data, int loc)
buf.append(data);
buf.append('\n");1}};}};

URL
URL

url =
Connection conn =

new URI(URIStr).toURL();
url.openConnection();

{

{

Reader rd = new InputStreamReader (conn.getInputStream());

EditorKit kit = new HTMLEditorKit{():;
kit.read(xd, doc, 0);

} catch (MalformedURLException e) {

} catch (URISyntaxException e) {

} catch (BadLocationException e) {

} catch (IOException e)

}

return buf.toString(); }

Figure7.12. Constructor module to extract the element contents from the HTML

try
{source = new DOMSource (doc});
File file = new File(filename);

Result result = new StreamResult (file);
Transformer xformer=
TransformerFactory.newInstance () .newTransformer () ;

xformer.transform(source, result);

} catch (TransformerConfigurationException e) {

} catch (TransformerException e) { } }

Figure: 7.13 Converter module to transform DOM documents into XML

Finally, an Extensible Stylesheet Language for Transformation (XSLT) (Wadler,
2000) template is used to extract the XML elements from the converted XML files.
7.6 Image Feature extractor

This module collects image data features based on their contents from the

component database (Chapter 5). This is used for image comparison and to understand
the structural variances. An image content extractor module () is developed to match
protein spots between source and target gel electrophoresis images. The module
identifies the protein spot in the target image which lies on the same line of path as it is
in the source image (electrophoretic mobility concept). A shape matching algorithm

using Generalised Hough Transform and Canny Edge Detection method have been used

177



Chapter7: Framework for Molecular Biology Resources Description and Navigation

to determine the shape variance. The set of spots in each gel electrophoresis is labelled
and each spot is associated with a finite number of values, e.g., accession number of
gene, protein and OMIM in addition to protein spot shape, mean value and positional
vector. A class is formed using these labels and values. Each entry in the class is of the
form (L, V) where L is a label and V={vj,.....,v,} is a set of values. Each v; represents a
value that could potentially be assigned to an element E, if label (E) matches L. In our
case element E is a spot which corresponds to the specific 3-D structure of a protein. M;,
is used to look for the value v; in order to begin the search for the corresponding element

E in the target image (Khan et al. 2003 and Khan and Rahman, 2003).

7.7 An Example of Integrating Biological Resources

Integration approach is implemented by using the tools as described in the above
sections. DOM interface is used which provides a set of API calls for accessing the
content of the documents; a special wrapper designed for DOM-compliant data sources
exports this information to the dynamic buffer (a virtual table) for each such API call.
The input parameters for the DOM calls are accession numbers of the biological
resources which are obtained by scanning through the RDF data. To illustrate the
process, an example to find information on Alzheimer disease is shown here. The
protein spot (APPI) for Alzheimer’s disease is selected from the gel electrophoresis
image (Figure 7.15a). The spot position is then matched in the target image and the 3D
structural protein image for APPI is retrieved by matching the image content elements
using the image content extractor (Figure 7.15a). The Dispatcher now dispatches the
searching operators individually to the respective data resources (Figure 7.14) for
unifying them into a single page. For example, the following individual resources along
with their operators (collected from RDF) are sent to the respective databases for
information on Alzheimer’s disease and to correlate the gel protein spot with the geno
and phenotypic information. DOM interfaces are used for the following resources and

operators to traverse along the contents.

178



Chapter7: Framework for Molecular Biology Resources Description and Navigation

Resource ri<« http://us.expasy.org/cgi-bin/niceprot? Operator s1.PI=P05067

Resource r2« http://us.expasy.org/cgi-bin/blast. P1? Operator s2 sequence=P05067

Resource r3« http://www.rcsb.org/pdb/cgi/explore.cgi?Operator s3 pdbld=1AAP

Resource r4<— http://www.gdb.org/gdb-bin/genera/accno?Operator s4 accessionNum=GDB:119692
Resource r5« hgp://www.nébi.nlm.nih.gov/htbin~post/0mim?Operator s5 dispmim=104300

Figure. 7.14. Node operators to be dispatched for target node.

Figure 7.15(a) shows the interface where a source gel electrophoresis image is
loaded and the spot for APPI protein is selected. A target image is searched until a
match is found. It is then loaded with spots in the same position. The contents of the
spots are matched with RDF document which enable to find the resources and operators
in order to search for other details, for example, Figure 7.15(b) is the single page of
HTML which consists of the data elements retrieved from multiple databases. These
data elements are retrieved and unified using the Dispatcher and the Result Integrator.

Figure 7.15(b) shows the final combined result in HTML which has the elements
from different biological resources, e.g.. mutation rate, likelihood in male and female,
phenotypic details, diagnosis environment, pathological lesion details and coding region.
All the elements which are collected from different resources are embedded in a single
page called ‘Trait Analysis’. The elements which are collected from different resources

are given in Table 7.1.
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Load Source image i [Load Ta_rgenmaéeg
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Spot found.

Trait Analysis
Mutation Rate: Peak lod score with Gm 1.37
Likelihood in male and female:Theta=0.05

TPhynotypic Details:Protease Inhibitor Domain Of Alzheimer'S Amyloid beta-Protein Precursor (APP) - Chain A 1AAP-A : VREVCSEQAE TGPCRAMISR ‘.
WYFDVTEGKC APFFYGGCGG NRNNFDTEEY GGGGS SSS EEE EEEETTTTEE EEEEE S5S S BSSHHH CMAVCGSA HHHHH Protease Inhibitor -
Domain Of Alzheimer'S Amyloid beta-Protein Precursor (APPI) - Chain B 1AAP:B: VREVCSEQAE TGPCRAMISR WYFDVTEGKC APFFYGGCGG
NRNNFDTEEY GGGGS 55 EEE EEEETTTTEE EEEEE SSS S BSSHHH CMAVCGSA HEHHT

Diagnosis Environment:

CSF analysis of hyperphosphorylated tau protein. (Phosphorylation at serine 199 tau-199) for the antemortem diagnosis of AD

Genetic Event Type:Mutation in APP (A-beta amyloid precursor protein gene) gene. Autosomal dominat trait in families

Abnormality Frequency:7 of 21 families, 3 generation transmission, Familial incident 43%

Sex: Male

Ethnicity: Afro-British

Region: South Africa

No. of case Studies:001

Pathological lesion it
Details: Alzheimer's disease/cerebral hamorthage, Dimential, Trisomy 21, Parkinsonism, long tract signs. Overall Mean onset Age 45.7 and overall mean age of : -
death 53.3. 20% cases k

Coding Regjon:Point mutation, From GCA to GGA. Observed in g.275267>g and p.A692G. Region is Ex17 and N-term

Figure 7.15: (a) APP1 protein spot matching and (b) Element collection and

integration.
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Table 7.1: Elements Collected from the Resources

Elements

Resources

Mutation rate

Likelihood in male and female
Phenotytypic details
Diagnosis Environment
Pathological lesion

Coding Region

Genetic Event Type

Sex

Ethnicity

No. of cases

Online Mendalian Inheritance in Men
Online Mendalian Inheritance in Men
Protein Data Bank

Online Mendalian Inheritance in Men
Online Mendalian Inheritance in Men
Genome Data Bank

Genome ]jata Bank

Local database

Local database

Local database

7.8 Summary

In this chapter a solution to the problem of searching elements from different
biological resources in heterogeneous environment is presented. The framework for the
solution proposes a loosely coupled iﬁtegration mechanism which is based on web data.

Section 7.3 outlined the overall strategy for searching the molecular biology
databases. The search scheme uses public domain molecular biology databases, e.g.,
PDB, GDB and OMIM. The scheme also employs a component database which is
laboratory based. The component based database is dedicated, target specific and
autonomous in nature. This component database initiates the links to resource databases
using image object keying. The search scheme utilises multiple key values to access the
target nodes of the resource pages.

A top level architectural view of the framework is proposed in Section 7.3.1.
This architectural model integrates several agents, e.g., metadata extractor, image
content extractor, mapping linker, dispatcher and result interpreter. The cooperative
collaboration among the agents leads to the integrated view of all the elements that are

collected from different resources.
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The successful technical implementation of the framework depends on the
successful description of the molecular biology resources. Section 7.4 proposed a
formalisation for resource description. In this section, it is argued that the use of context
needs to be implemented with the metadata of resources. The meta data does not need to
depend on the schema structure but it needs to depend on the context of the contents.
The author proposes the following three new parameters: ‘%as’, provide’ and ‘access’
for formalising the context. A novel context graph approach to describe the web contents
on the basis of the context (Section 7.4.1 and 7.4.2) is also presented. This approach
attempts to use the semantics used within the resources instead of using the schema
structure,

In particular, the context graph implementation is the basis of database
integration as it provides the resource mapping, contents and an environment for
navigational plan which is only true for a particular context.

Resource Document Framework (RDF) is chosen to describe the context for the
resources. The major challenge to describe the context in RDF is that the RDF lacks
higher-level constructs for describing the context. The author proposed a higher level
modular construct for implementing the context into RDF in Section 7.5 and 7.5.1. This
approach is extended further to construct an integration domain with participating
resources and data values for navigational plan. |

Section 7.6.1 described the search initiation mechanism. The search initiation for
the biological resources take place in multi phases. A Dispatcher module starts the
search initiation by fragmenting the plan and then by allocating them to the appropriate
resources. For each step, a new set of elements are collected from the target pages and
subsequently all these elements are integrated by the Result Interpreter which combines
the elements into a single page.

Although the problems for integration of molecular biology resources are
complex, the solution for an efficient method lies in describing the semantics of the
webs. The author attempts to describe the semantics by using context in RDF and

proposes a number of agents for intermediate conversions and interpretations.
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The unique contribution of this approach is the Image Feature Extractor module
which extracts the image contents from component databases and correlates it with the
integration domain. The function of this module was discussed in Chapter 5 and in
Section 7.6 of this chapter. Section 7.7 showed how this function can be included with
the integration domain for search initiation using image object keying.

In conclusion, a novel approach for database integration is presented in this
chapter. This approach is an alternative to any mediator based integration. The mediators
rely on the central schema and they are responsible for answering queries within this
schema. In other words, the query is local and schema is global in the mediator based
integration. In contrast, an integration domain instead of the global schema is proposed
in this approach which will provide the navigational plan and the participating resources
for integration. This approach gives more flexibility for integration by including more
resources and their context or by deleting any resources. An example to find the details

on Alzheimer’s disease is presented in Section 7.8 to demonstrate the framework.
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Discussion: Integration of Component
Database Based on Image Object
Selection

Chapter Objective

This chapter summarises all the issues that are presented in this research. It also
discusses outcomes, limitations and possibilities to draw a concluding remark about this
research. The chapter compares the proposed framework with other research to establish
the novelty and originality of this research. Finally the chapter sets out propositions for
uture work to be carried out in this area.

Chapter Contents

8.1 Introduction
8.2 Summary and Discussion of the Thesis
8.2.1 Developing the theoretical concepts
8.2.2 Comparing this research with other researches
8.3 Contribution of the Thesis
8.4 Future Work
8.5 Concluding Remark
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Chapter 8

Discussion: Integration of Component
Database Based on Image Object
Selection

8.1 Introduction

In the preceding chapters, the thesis has examined a wide range of issues in
the area of database interoperability and the use of image object selection for
databases linking. This chapter summarises the thesis in the context of the issues and
methodologies raised in this research and outlines the novelty of the proposed
approach for database integration in the area of molecular biology. The thesis also
reflects on how far the core issues of database interoperability and the development of
a framework for cooperative environment have been addressed. The research makes
suggestions for further work in the area of molecular biology database
interoperability.

Section 8.2 summarises the motivation and research issues that have been
identified from literature review in Chapter 1 and Chapter 2. The section highlights
the concerns for issues which have not been addressed yet. Section 8.2.1 describes the
approaches taken to address these research issues and it shows how to correlate these
approaches with the present practices in this research area. Section 8.2.2 emphasises
the importance of establishing theory to improve database interoperability without
affecting the semantics of data, database architecture and local autonomy for future
practice. Section 8.3 concludes with suggestions for further works in this research

area. Section 8.4 presents a concluding remark about the research.

8.2 Summary and Discussion of the Thesis
Bioinformatics research is currently facing a major challenge to integrate the
genome databases (Robbins, 1996; Markowitz and Topaloglou, 2001; Donnelly, 2003

and Gieger et al., 2003). This research has investigated the format and structure of the
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current molecular biology databases. In the process of this investigation, the research
has outlined a clear understanding of the molecular biology database structures, their
functions and their functional importance in the area of genomic data analysis.

The research has also examined the software and database management
systems which are emerging in the area of bioinformatics. The uses of these utility
software have been examined in the thesis and a correlation has been drawn between
software and software users. The thesis has focused on independent laboratory users
and genomic data analysis tools for variance analysis of gene mutation data. The
research has established the need for the following theoretical aspects: designing data
model for gene mutation data, determining a framework for cooperative environment
to share the knowledge accessed from different data resources, dealing with database
interoperability and outlining the theoretical approach for using image matching in gel
electrophoresis images for query initiation.

Chapter two has set the scene for this research. The chapter has reviewed the
issues of molecular biology database ‘interoperability’ and it has described how
heterogeneous nature of the molecular biology databases is hindering the integration
process with each other for sharing the data and the knowledge. On the basis of
literature review and empirical analysis of current databases, their data and schema
diversity have been examined to understand the reasons for impediments of database
interoperability. In this regard, Liu et al. (2000) commented about the complexity of
designing large databases and outlined how components derived from multiple-data
sources are increasing the density level of databases. The chapter has also presented
the drawbacks of the current approaches and this initiated the scopes for this research.
The research has raised the following issues on the basis of the literature review:

- Integration molecular biology databases for gene variance analysis and

keeping all the technological aspects transparent to the users.

- Preserving local autonomy of databases for data submission while

maintained and created by local authority.

- Initiating query without writing any type of script languages and

submitting query to the resource databases.

- Exploring data dynamically using automated navigation across the

resource databases.
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Chapter three has addressed these research issues that have been raised in
chapter two. The chapter has discussed the methods and approaches adopted for this
research. The proposed approach addresses the issues for developing a component
database for database integration. To overcome the issues raised by Liu et al. (2000),
the research has proposed to implement a component database which is independent
of any participating component database. This component database will not have any
subcomponent of any super component database nor it will have any super component
derived from any participating component database to integrate the component
databases with federated information system. The research has employed a number of
agents to facilitate parsing queries based on the image object selections (Chapter 5
and 7). The research has proposed the application of image object keying as an
alternative to query script writing for multidatabase query.

The following section summarises the theories and the concepts which

underpin the implementation of the proposed framework.

8.2.1 Developing the theoretical concepts

The main goal of this research is to establish the concept to deal with the
research issues that have been raised in this research. In addressing these research
issues, the preceding chapters have gone a considerable way to discuss them in depth.
Chapter two has set the background for research issues and chapter three has
developed the theoretical concept to address the issues.

To establish the theoretical concepts, the research has reviewed literatures for
issues on database interoperability and it has investigated terms like ‘collaborative
database management’ and ‘federated database management’. Although the review
has found a number of approaches for database integration, but none of these
approaches has actually addressed the criteria described by Markowitz and Ritter
(1995) and Letovsky (1995). ‘Federated database’ and ‘data warehousing’ approach
are two popular approaches among these. The research has established why an
alternative approach to address the data integration problem is necessary and it has
shown how it can be achieved by using a dedicated, target specific and independent
component database. It has suggested a framework for web based multidatabase query

and it has shown that how it can be initiated from the component database.
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8.2.2 Comparing this research with other research

- Kemp et al. (2000a) introduced a mediator based approach to integrate
genome databases which is based on Wiederhold’s (1992) proposal. In their technique
they have used metadata to describe the integration schema and the external schemas
of each of the federation’s data resources. This approach depends heavily on the
schema, which leads towards the ‘global schema integration’ approach. The
limitations of this approach has been discussed in chapter two. Another approach is
TAMBIS (Paton et al, 1999), where they maintain a classification hierarchy of
protein with many pre-defined subclasses. This technique works well when the query
meets the fixed framework of the hierarchy and returns the values of corresponding
member to the specific subclasses. This approach works only when the query is
submitted with in a specific framework, i.e., it should match with the local schema
classes. However, unlike ‘TAMBIS’ approach, this research has described a non-
redundant schema integration concept. In this approach the local schema will not hold
any subcomponent, union or intersection of other objects of resource databases. This
concept will not allow any redundancy of attributes and thus it will be less prone to
loose data integrity. It also reduces the risk to loose information capacity.

Both Kemp et al. (2000b) and Paton et al. (2000) used ‘wrapper’ in their
‘mediator based integration’ and in TAMBIS respectively. Kemp et al. (2000b) used
‘wrapper’ to generate code in a different query language, whereas Paton ef al/ (2000)
used the term ‘wrapper’ as a black box interface to remote resources. But, this
research has attempted to develop intermediate database engines for metadata
extraction from resource database which is dynamic and not static. A mapping linker
will provide the necessary information to the metadata extractor to map to the
resource databases. This transient metadata information which is collected by
metadata extractor will be fetched into query generator for generating the necessary
code generation. Unlike Kemp’s approach, this method is not storing this metadata
information. Because storing metadata information will lead to the incremental
growth of the database, instead this research is describing the resources and a set of
operators to access to the resources for automated navigation. The aim of this research
was to keep the process dynamic and automated. This research has suggested
proposition for local schema which will be used to store laboratory data and all related

information associated with gene mutation data for variance analysis. The other
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objective of this research is to initiate the multidatabase query based on image object
keying, for example, to initiate the query by selecting a particular spot from gel
electrophoresis image. Similar spot of protein images will be searched from gel
electrophoresis databases for protein correlation. The result will be used to understand
the molecular mechanism of diseases. This method of searching relevant data from
heterogeneous database is a new dimension in database integration.

The thesis has presented a complete conceptual model for describing gene
mutation. The reason for describing a complete data model for gene mutation data is
to ensure that an indirect association of disease can be determined. Although other
research works have looked at designing a conceptual schema for genome functional
data, for example, Paton ef al. (2000) and Okayama et al. (1998), but this research has
been looking in designing models for gene mutation data for variance analysis. This
particular research area has not been investigated by either Paton’s group or by any
other research groups who are working in this area.

Medigue et al., (1999) and Achard et al. (2001) advocated for Object Database
Management Systems instead of using conventional relational model because of
available standardised query language and facilities to provide rich data model and
data definition. They also highlighted the issues of inheritance, encapsulation, security
granularity, concurrent usability and constraint declaration ability of OODBMS for
data description. However, Kemper and Wiesner (2001) and Achard et al. (2001)
showed in their research report that XML expresses more flexibility, simplicity and
interoperability than OODBMS. However, the richness of OODBMS can be
combined with the XML technology as a complementary to replace field/value based
flat files used by XML Interchange Data Dumps (XIDD). XIDD ensures more
flexibility for data transformation and creating wrapper. Achard et al. (2001) also
emphasised that XIDD saves tedious and often sub-optimal parsing because it has its
own standard and generic parsers.

The other aspect of this research is to design the conceptual model which will
preserve the laboratory data. It will also determine how this local database would
initiate the query linking the multidatabase for more meaningful information and
analysis. The data model described in this thesis will extend the user participation in
genetic variance analysis. The model will store all the laboratory results and other

parameters required to analyse the genetic variance of disease phenotypes and

188



Chapter 8: Discussion

genotypes. The model will also be able to contribute its own data for knowledge
sharing with other data resources on a common ground. Data collected from local
component databases, as well as correlated data from different data sources, will
provide an insight in the disease mechanism. Again, many researcher, (e.g., Buneman
et al., 1995, Chen et al., 1997 and Baker et al 1998) have investigated tools for
distributed querying of biological sequence information sources. However, they have
not addressed the issues of large scale cross-population data analysis where statistical
data from population genetic analyses are referenced and the features of interest are
visualised (Lancaste ef al. 2003).

The research has looked into issues as how the multidatabase query can be
initiated using image object keying for comparative study of the laboratory images
and to visualise the information for complete understanding. It has included the
images in query and in query results.

The thesis has presented the theoretical concept of image object keying for
linking databases. An image retrieval method has been described in this thesis. The
query is initiated by selecting gel electrophoresis spot from the image. Other
conventional methods for matching, e.g., template matching, cross correlation method
etc., have been found not to be effective and accurate for gel electrophoresis spot
identification. This is because of its lack of deterministic identical spot. pI value
(Isoelectric pH ) and molecular weight of the protein are need to be determined for
searching gel spot. Similar gel electrophoresis protein spots have been searched into
the database on the basis of these values. However, this method will not work if either
the molecular weight or any other parameter is unknown. This research has proposed
an image based approach where the query is based on the image contents. The
research has developed an image searching algorithm for molecular biology database
query. This method has used both the image processing and geometric operation,
which is quite unique in nature. The experimental results have shown the accuracy
(>90%) and effectiveness in the gel electrophoresis image retrieval process which
establishes the potential of this approach. The proposed method has assumed that the
relevant pre-processing for noise and other enhancements if necessary have been
already applied.

The proposed image based approach not only match the selected spot in the

target image but it also retrieves the corresponding 3D images of protein. In the
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context of gel image linking to resource databases, Lemkin (1997) developed a
program (Flicker) for gel matching and 2DWG databases for gel description.
Lemkin's (1997) work was based on hyper text linking of gel image spots to the
resource databases. This involves linking multiple web pages. However, this research
has used Resource Document Framework (RDF) for meta data description of the gels
and then it has correlated these with the list of resources. This approach is unique and
novel in the sense that multiple web pages does not need to be searched for 3D protein
structure of selected gel image spot because it allows searching dynamically for the
3D structure of protein where the search is initiated by selecting the image object.

The linking of gel image protein spots to the resource databases is extended to
correlate the gel image protein spot with multi-resources so that all the relevant data
corresponding to the selected protein can be extracted. This research has used a case
scenario where multidatabase query is used, utilising Protein Data Bank, Online
Mendelian Inheritance in Man and Genome Data Bank. Many approaches which are
available for multi-resources query (Kemp et al. 2000b, Von et al. 2000 and Kashyap
and Sheth, 1998) do not provide any solution for using the web data which are the
basis for loosely coupled databases. This research has highlighted the importance of
web data for molecular biology research because of its rapid emergence and well
acceptance. The integration of web data is far more challenging than iﬁtegrating
structured and standardised data since the web data does not follow any conventional
data representation method.

Sahuguet and Azavant (2000) and Raghavan and Garcia-Molina (2001)
attempted to integrate the web data. In their approach they developed wrappers using
declarative specification language to describe the contents of the webs. This static
approach can be replaced by the approach presented here which is not based on the
content, it is based on the context. The reason of utilising context for integration is
that it represents the roles of the participating objects instead the meaning of the
objects. The model of subject domain is developed on the basis of purpose of
integration, and not on the basis of the ontology. In this regard, Rector (2004) argued
that classifying definitions and determining their consistency using multi-axial
ontologies, which are often required in biomedical world for data retrieval, are
extremely difficult to build. Thus, this research has attempted to develop an

integration domain based on the contexts of the integration where object relationships
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are prominent and it ignores the object value matching. A context graph is described
in RDF to implement the approach.

The context graph description in RDF for resource mapping requires a
theoretical explanation. Three essential parameters to describe the resource mapping
are defined in this thesis. The triplet kas, provide and access denote the relationships
between the objects and the path to the resources for navigational purpose. The
research has also suggested to build higher level of constructs for RDF to represent
the complete contexts for web resource integration.

In this research, a framework for cooperative environment has been proposed
instead of proposing any discrete and independent tools (Khan et al. 2002b). The local
database is equipped with the following tools: metadata e).(tractor, link mapper, query
generator and result interpreter. These tools are transparent and hidden from the users.
These tools maintain a cooperative environment to work on a common ground and to
share common knowledge. The successful implementation of this proposed model
depends on how these tools are used for effective search and retrieval operation.

The success of interoperability for any data model in biological domain
depends on the ability of exchanging and interacting with other data models which are
residing in external environment. To establish data exchange with external data
resources, Steven and Miller (2000) described the role of CORBA for interoperability
between bioinformatics resources. However, CORBA based applications have
limitations for interoperable operations. CORBA employs protocols which add high
overhead for transferring very small objects between resources and which is not
efficient at all. One of the main drawbacks of CORBA is that its interface definition
language (IDL) can not resolve semantic conflicts automatically. This research has
thus employed XML and RDF as an alternative to CORBA and it has utilised the
DOM interface for data exchange and data conversion as an alternative to CORBA
IDL. DOM has the ability to deal with semistructured and very large data objects and
it is effective to use for its openness.

The framework proposed here enables to compare protein data with other
protein morphological data that are available in multiple molecular biology databases.
Traditional methods do not give the options for this type of comparison and for
linking 2D gel image data with the 3D protein structure and other text based protein

data. The cooperative environment initiates the whole operation by a single response
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which facilitates the local schema to look in other databases for comparing the protein
morphology and other details for single disease. Experiments that were traditionally
conducted on a single disease in a petri-dish can now be performed by using this
integrated approach. This new approach for data integration complements the existing

wealth of medical and molecular biology research.

8.3 Contribution of the Research

The main contribution of this research is its approach to deal with the
iteroperability issues including the web data integration problem. The research has
gained a wider insight in this research area which has lead to novel interpretations of
issues relevant to molecular biology research. In this regard, the research has
developed the concept of component databases for genetic disorder study in human. It
has highlighted the concept of non-redundant schema integration (Khan et al. 2001a,
2001b) for integrating molecular biology databases. The research has proposed a
method for linking databases based on image object keying which can be initiated by
selecting a particular spot in a gel electrophoresis image. Finally, the research has
suggested a framework for cooperative environment to integrate the web based
molecular biology data. The research has emphasised on the automated identification
of identical or similar proteins from public domain databases by selecting image
object. It has developed a cooperative environment for database integration which has
included a theoretical concept for describing a context and navigational approach for
future database interoperability to share biological information. The strength of the
copperative environment for database integration lies in the fact that it is applied on
loose binding of databases which has been ignored by the existing research in the
domain of biological databases. Also the approach has shown how a discrete
component database can be developed according to the need of a specific laboratory
and which can be synchronised with the resource databases that can serve the
biological community to a much greater extent. This establishes an alternative
approach to the conventional consolidation of schemas into one standard global view.
The research establishes the concept of independent and dedicated database within a

specific framework which can aid the biological researchers to do a multidatabase

query.
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The work carried out in this research have been presented in computer based
applications (for example, proceedings IEEE, 2001 2002 and 2003 and proceedings
HIIS 2002) and in bioinformatics (for example, proceedings German conference of
bioinformatics, 2001 and proceedings IEEE conference on Bioinformatics and
Bioengineering, 2003) areas at international conferences.

Encouraging and positive comments regarding the approach taken to address
the ‘database integration problem’ have been received from referees and from
participants at these conferences. These comments include “the framework which

LT3

have been described is interesting”, “the problems which have been identified have
not been addressed before”, “replacing SQL scripts with image based searching is
quite unique”, "the approach need for protein spot identification is complementary to
present approaches”, efc.
8.4 Future Work
This Ph.D research has contributed to the understanding of heterogeneity of
database schemas. It has described the diversity of molecular biology schemas and
schema constructs. It has also looked at the concepts of database integration and
framework for cooperative environment. The research aims to establish a functional
prototype system which will use the image object keying concept to initiate the query
and to integrate the heterogeneous biological resources for more meaningful
information. The research has also aimed to look at the morphological differences of
protein structures which will help to reveal the underlying mechanism of diseases.
The research has established a cooperative environment where all the tools will work
coherently and will generate code for multi-database query. A prototype model of this
cooperative environment has been implemented in a small scale to synchronize with
other biological resources. Research in this area is an on-going and an iterative
process. So, the implementation of the framework and the prototype in real-time
environment still needs to be implemented fully to see to what extent the model would
work in such dynamic environment. The results obtained from this implementation
would enable the research community to determine what other conditions, parameters
or issues may need to be addressed within the proposed prototype system.
The present prototype model has not addressed the following issues in depth.
- Technical heterogeneity: it can not resolve automatically operating systems,

access mechanism and hardware dependence of data.
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- Structural heterogeneity: data needs to be converted in XML or in RDF
representation from its original data model before taking part into
multidatabase query.

These issues raise scopes for further research in the following areas.

Tool support

The design and implementation of the approach need to be supported by the
tools as proposed in this research. These supporting tools should have the capability
for locating sources automatically and extracting the metadata from the source model
for accessing the database. The source model most often does not have the
heterogeneity feature because of the hardware platform, operating systerhs or security
aspects. Appropriate tools are also needed for generating the wrapper automatically in
order to overcome the tedious definition of resources.

Diversified gel images

The gel images that are stored in public domain databases often have
confusing or noisy spots on the gels because often they have not been pre-processed.
Spots which are not clearly labelled can produce faulty correspondence to 3D
structure of protein image. So, image spot diversification needs to be resolved prior to
query initiation process.

Query capability

The current query initiation approach is based on image object selection. This
query initiation method results in extracting the corresponding data elements.
However, it does not provide the option for relational or object oriented database
searching. This option can be included by constructing the appropriate context model
and by developing an user friendly interface.

Context propagation

Further research can be initiated to overcome overlapping context description.
Describing context for different meaning can cause context redundancy, so further
research is needed to link one context with different meaning. A list of vocabulary can
be developed in natural language to represent the context.

Result representation

Current presentation of the result is purely textual based and it does not accept

any user interaction. Next part of the research can look into the data visualisation area
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by implementing an interface which will enable the user to interact with visual data
for automated comparison.

Prototype evaluation and system development

The prototype model has not been tested in a wider context, instead, a case has
been chosen to verify the framework. So, this can be evaluated further in the next
phase of the research. This would include collecting more results and feedback from
practitioners and academics. This phase would also test the usefulness and the
usability of the prototype by using expert and observational evaluations techniques. A
user group will determine the usability and an expert group will evaluate the
usefulness of the framework. The outcome from these phases will be used for further
system development.

8.5 Concluding Remark

This chapter has summarised the Ph.D work and the usefulness of this
research. The chapter has reflected on how this thesis has met its objectives and goals.
It has also highlighted the findings of other research works, their limitations and the
issues that have not been addressed yet. This research has focussed on those issues
which have not been addressed yet. The chapter has also highlighted the research
contribution in the field of bioinformatics and computer based applications. A list of
accepted papers have been attached in Appendix B.

The thesis has contributed towards the solution of web based data integration.
This is achieved by describing a context graph which represents semantics and
purpose of integration. The research has also described a graph for automated
navigation to reach to the data resources. This virtual integration of loosely coupled
data, compare to physical data consolidation, i.e. data warehousing, data federation, is
complex in nature and hence it requires more focus in this area. The framework,
which as proposed here is an attempt to bridge the heterogeneity of web data. The
encouraging results will provide a considerable input in system evolution which is
independent of data construction and autonomous.

Finally, integrating data in independent and transparent manner is crucial as it
is evident from many users community that integrating data by standardising or by
data abstracting does not bring any benefits to the users community because of its
high building and maintenance cost. So it is necessary that the proposed method as

described here is built upon these concepts.
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Appendix A
Glossary

Abstract Syntax Notation One (ASN.1) is a formal language for describing
messages which is to be exchanged among an extensive range of applications
involving the Internet, intelligent network, cellular phones, efc. in an abstract
form.

AceDB abbreviation for A Caenorhabditis elegans Database. Containing data from
Caenorhabditis Gentics Centre, C. elegans genome project and the worm
community. AceDB is also the name of the generic genome database software in
use by an increasing number of genome projects. AceDB databases are available
for the following species: C. elegans, Human Chromosome 21, Human
Chromosome X etc.

Agarose Gel is polyacrylamide gels that used as media for gel electrophoresis
because they are chemically inert and are readily formed by the polymerization
of acrylamide.

Allele is one of several alternative forms of a gene occupying a given locus on a
chromosome.

Amber codon is the nucleotide triplet UAG, one of three codons that cause
termination of protein synthesis.

Amber mutation describes any change in DNA that creates an amber codon at a site
previously occupied by a codon representing an amino acid in a protein.

Amplification refers to the production of additional copies of a chromosomal
sequence, found as intra chromosomal (within chromosome) or extra
chromosomal (outside of the chromosome) DNA.

Annealing is the pairing of complementary single strands of DNA to form a double
helix.

ANSI/SPARC's layered model of database architecture comprises a physical schema,
a conceptual schema and user views.

Autoradiography detects radioactively labelled molecules by their effect in creating
an image on photographic film.

Base pair (bp) is a partnership of A with T or of C with G in a DNA double helix;
other pairs can be formed in RNA (ribo-nucleic acid) under -certain
circumstances. Distance along DNA is measured in bp.

BLAST abbreviation for Basic Local Alignment Search Tool. This is the most
popular program for searching sequence in databases. It is very fast and able to
search DNA and protein sequences from databases.

c¢DNA is a single stranded DNA complementary to an RNA, synthesized from it by
reverse transcription in vitro.

Chromosome is a discrete unit of the genome carrying many genes. Each
chromosome consists of a very long molecule of duplex DNA and an
approximately equal mass of proteins. It is visible as a morphological entity only
during cell division.

Clone describes a large number of cells or molecules identical with a single ancestral
cell of molecule.
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Codon is a triplet of nucleotides that represents an amino acid or termination signal.

Crystallographic imaging techniques employed x-ray diffraction, x-ray scattering, x-
ray absorption/emission spectroscopy, and advanced biomedical imaging
techniques such as diffraction enhanced imaging (DEI) to determine molecular
structure.

Cytogenetics is the study of the physical appearance of chromosomes.

Deductive capability is the technique which highlights the fact that the system is able
to make deductions from facts stored in the database using rules stored in the
database.

Deletions are generated by removal of sequence of DNA, the regions on either side

being joined together.

Denaturation of protein describes its conversion from the physiological
conformation to some other (inactive) conformation.

Direct repeats are identical sequences present in two or more copies in the same
orientation and in the same molecule of DNA; they are not necessarily adjacent.

Erythroleukemia is a particular type of tumour in human.

Exon is any segment of an interrupted gene that is represented in the mature RNA
product.

Filter hybridization is performed by incubating a denatured DNA preparation
immobilized on a nutrocellulose filter with a solution of radioactively labelled
RNA or DNA.

Flanking region is the DNA sequences extending on either side of a specific locus or
gene.

Frameshift mutations arise by deletions of insertions that are not a multiple of 3bp
(base pair); they change the frame in which triplets are translated into protein.

Frictional coefficient depends on both the mass and shape of the migrating molecule
and the viscosity of the medium.

Gene is the segment of DNA involved in producing a polypeptide chain; it includes
regions preceding and following the coding region as well as intervening
sequences between individual coding segments.

Genetic code is the correspondence between triplets in DNA and amino acids in
protein.

Genotype is the genetic constitution of an organism.

Hybridization is the pairing of complementary RNA and DNA strands to give an
RNA-DNA hybrid.

Initiation codon is a triplet sequence that initiate protein synthesis.

Insertions are identified by the presence of an additional stretch of base pairs in
DNA.

Intron is a segment of DNA that is transcribed, but removed from within the
transcript by splicing together the sequences (exon) on either side of it.

Inversion is a chromosomal change in which a segment has been rotated by 180°
relative to the regions on either side and reinserted.

MEDLINE is bibliographic database covering the fields of medicine, nursing,
dentistry, veterinary medicine, and the preclinical sciences. Journal articles are
indexed for MEDLINE, and their citations are searchable.

Modification of DNA or RNA includes all changes made to the nucleotides (A
nucleotide consists of a nitrogenous base, a sugar, and one or more phosphate
groups) after their initial incorporation into the polynucleotide chain (a number
of nucleotides in a chain).
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mRNA is abbreviation of messager RNA

Mutation describes any change in the sequence of genomic DNA.

Mutation frequency is the frequency at which a particular mutant is found in the
population.

Mutation rate is the rate at which a particular mutation occurs, usually given as the
number of events per gene per generation.

Network mediated program deals with communication issues, management, and
implementation problems raised by network-based communication services
(e.g., World Wide Web, e-mail, conferencing systems, etc.)

Nonsense mutation is any change in DNA that causes a codon to replace a codon
representing an amino acid.

Northern blotting is a technique for transferring RNA from an agarose gel to a
nitrocellulose filter (a paper which can bind DNA) on which it can be hybridized
to a complementary DNA.

PCR (polymerase chain reaction) describes a technique in which cycles of
denaturation, annealing with primer, and extension with DNA polymerase are
used to amplify the number of copies of a target DNA sequence.

Phenotype is the appearance or other characteristics of an organism, resulting form
the interaction of its genetic constitution with the environment.

Point mutations are changes involving single base pairs.

Recombinant progeny have a different genotype from that of either parent.

Regulatory gene codes for an RNA or protein product whose function is to control
the expression of other genes.

Reporter gene is a coding unit whose product is easily assayed.

Restriction enzyme recognizes specific short sequences of unmethylated DNA and
cleaves (separation) the duplex.

Restriction fragment length polymorphism (RFLP) refers to inherited differences
in sites for restriction enzymes that result in differences in the lengths of the
fragments produced by cleavage with the relevant restriction enzyme. RFLP are
used for genetic mapping to link the genome directly to a conventional genetic
marker.

Restriction map is a linear array of sites on DNA cleaved by various restriction
enzymes.

Reverese transcription is synthesis of DNA on a template of RNA; accomplished by
reverse transcriptase enzyme.

Southern blotting describes the procedure for transferring denatured DNA from an
agarose gel to a nitrocellulose filter where it can be hybridized with a
complementary nucleic acid.

Splicing junctions are the sequences immediately surrounding the exon-intron (see
exon and intron) boundaries.

TAMBIS-transparent access to multiple biological information sources.

Termination codon is one of three triplet sequences that cause termination of protein
sysnthesis; they are also called ‘nonsense’ codons.

Transcription is synthesis of RNA on a DNA template.

Transcription unit is the distance between sites of initiation and termination by RNA
polymerase; may include more than one gene.

Translation is a synthesis of protein on the mRNA template.
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