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Abstract




ABSTRACT:

A database is a structured collection of records or data that is stored in a
computer system. The structure is achieved by organizing the data according to
5 relational database model. A relational database, simply defined, is a database
that is made up of tables and columns that relate to one another. These
relationships are based on a key value that is contained in a column. The
relational database model was developed by E.F.Codd back in the early 1970's
and is the most widely used format for most biological databases. Biological
database design, development, and long-term management is a core area of the
discipline of Bioinformatics. Data contents include gene sequences, textual
descriptions, attributes and ontology classifications, citations, and tabular data.
These are often described as semi-structured data. Leishmaniasis is a disease
caused by protozoan parasites that belong to the genus Leishmania and 1s
transmitted by the bite of certain species of sand fly, including flies in the
genus Lutzomyia and Phlebotomus. The chemotherapeutic treatments currently
available have a number of limitations due to poor efficacy, unacceptable host
toxicity and drug resistance, and new targets drug targets are required.
Leishmaniasis research information systematically obtained over the period of
several decades is scattered in various journals, databases and genome
projects.Genomes of Leishmania species are actively being sequenced.
Genomes of Leishmania donovi and Leishmania infantum have been
completely sequenced. In the present study relevant genomic and scientific
data about the various aspects of Leishimaniasis were collected and organized
to create a searchable highly organized database which will be hosted on the

internet.
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1. INTRODUCTION:

1.1 LEISHMANIASIS:

[ eishmaniasis is a disease caused by protozoan parasites that belong to
the genus Leishmania and is transmitted by the bite of certain species of sand fly,
including flies in the genus Lutzomyia and Phlebotomus. The disease was named In
1901 for the Scottish pathologist William Boog Leishman. This disease is also known
as Leichmaniosis, Leishmaniose, leishmaniose, and formerly, Orient Boils, Baghdad
Boil, kala azar, black fever, sandfly disease, Dum-Dum fever or espundia(H.P. Pandey
et al.,2006).

Most forms of the disease are transmissible only from animals (zoonosis), but
some can be spread between humans. Human infection is caused by about 21 of 30
species that infect mammals. These include the L. donovani complex with three
species (L. donovani, L. infantum, and L. chagasi); the L. mexicana complex with 3
main species (L. mexicana, L. amazonensis, and L. venezuelensis); L. tropica; L.
major; L. aethiopica; and the subgenus Viannia with four main species (L. (V)
braziliensis, L. (V.) guyanensis, L. (V.) panamensis, and L. (V.) peruviana). The
different species are morphologically indistinguishable, but they can be differentiated
by isoenzyme analysis, DNA sequence analysis, or monoclonal antibodies.( Francois
chappuis et al.,2007)

The three primary clinical forms of leishmaniasis are cutaneous,
mucacutaneous and visceral leishamaniasis. Cutaneous leishmaniasis can be further
divided into localized, diffuse cutaneous, recidivans, and post-kala azar dermal
leishmaniasis (PKADL).

More than 12 million people in 88 countries are known to be infected with
leishmaniasis, but the true burden remains largely hidden. Two million new cases —
1.5 million of cutaneous leishmaniasis, 500 000 of the visceral form of the disease —
occur annually. but declaration of the disease is compulsory in only 32 countries and a

substantial number of cases are never recorded. (Nancy Malla & R.C. Mahajan, 2006)



Ieishmaniasis is a disease of poverty, and its victims are among the poorest. in
India, a country with a high leishmaniasis burden, 88% of leishmaniasis patients have
a daily income of less than US$ 2, poor socioeconomic environment and low
educational level; they live in either remote rural areas or poor suburbs. There is social
stigma associated with the deformities and disfiguring scars caused by some forms of
leishmaniasis, and disease-related disabilities impose a great social burden, hampering
productivity and socio economic development.( Sarman Singh.,2005)

Leishmaniasis presents a spectruml of clinical manifestations. The visceral
disease is particularly prevalent in Bangladesh, India, Nepal, Sudan and Brazil. These
countries together account for 90% of the global visceral leishmaniasis (VL) burden.
Malputrition is a well-known 1isk factor in the development of this form of
leishmaniasis, and epidemics flourish under conditions of famine, complex emergency
and mass population movement. The cutaneous disease is particularly prevalent 1n
Afghanistan, Algeria, Brazil, Iran, Peru, Saudi Arabia and Syria, which together
account for 90% of the global cutaneous leishmaniasis (CL) burden. Though far less
lethal, epidemics of the cutaneous form are of particular concern in some countries
and difficult to control. Other manifestations include post-kala-azar dermal
leishmaniasis (PKDL), which can follow recovery from a VL infection and occurs in
India and Africa (mainly in Sudan and Kenya) (R.K. Singh et al., 2006).

Mucocutaneous leishmaniasis (ML), which can follow cutaneous leishmaniasis
and is endemic in Mexico and C entral and South America, produces iesions which can
lead to extensive and disfiguring destruction of the mucous membranes of the mouth,
nose and throat cavities.

More than 20 species of Leishmania can infect humans, and other species are
emerging, especially in association with HIV/AIDS. Thirty species of sandfly have
been incriminated m transmission of the disease. In some areas, leishimaniasis 18 2
soonotic infection involving various animal reservoirs, while in other areas humans
are the sole reservoir of infection, making vector and reservoir control costly and often
impractical. It is planned to eliminate visceral leishmaniasis {i.e. to eliminate the
disease as a public health problem) from the Indian subcontinent by 2015. The tools

under discussion for this include vector control (by insecticide spraying and
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impregnated bednets), rapid diagnostic tests for active case detection, and the new
drugs miltefosine and paromomycin. A vaccine for leishmaniasis would also be a
boon for global disease control, but no effective vaccine is yet on the market.( Javier
Nieto et al.,2006)

Visceral leishmaniasis is a severe form in which the parasites have migrated to
the vital organs. Visceral leishmaniasis or Kala Azar, found in tropical countries, is
the most lethal form of the disease and is caused by Leishmania donovani. It
untreated, visceral leishmaniasis may cause mortality rates as high as 90% within 4 to
24 months of the infection. Several epidemic outbreaks of visceral leishmaniasis have
been reported over the past 10 years, with the majority of them occurmng in the
tropical countries such as Sudan, Brazil, India, Bangladesh, and Afghanistan.

Cutaneous and mucocutaneous leishmaniases are the other variants of this
disease and are caused by Leishmania major and Leishmania mexicana, respectively.
An estimated 2 million new infections are caused every year due to cutaneous and
visceral leishmaniases. A newer cause of concern against these diseases is their
development as opportunistic infections in immunocompromised patients, such as

those suffering from AIDS.( S.K. Bhattacharya et al.,2005)

1.1.1 LIFECYCLE OF LEISHMANIASIS:

Leishmaniasis is transmitted by the bite of female phlebotomine sandflies. The
sandflies inject the infective stage, metacyclic promastigotes, during blood meals.
Metacyclic promastigotes that reach the puncture wound are phagocytized by
macrophages and transform into amastigotes. Amastigotes multiply in nfected cells
and affect different tissues, depending in part on which Leishmania species is
involved. These differing tissue specificities cause the differing clinical manifestations
of the various forms of leishmaniasis. Sandflies become infected during blood meals
on an infected host when they ingest macrophages infected with amastigotes. In the
sandfly's midgut, the parasites differentiate into promastigotes, which multiply.
differentiate into metacyclic promastigotes and migrate to the proboscis (Alam M.Z

et al, 2008)
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Fig 1.1 Life Cycle of Leishmania
1.1.2 LEISHMANIASIS IN AIDS PATIENTS:

Leishmania-HIV co-infection has emerged as a major complication of
leishmaniasis. Most of the Leishmania endemic countries are also facing HIV
epidemic and resulting into high rate of co-infection. Of the first 1700 cases of
Leishmania-HIV coinfection reported to the World Health Organization from 33
countries up to 1998, 1440 cases were from the Mediterranean region: Spain (835);
Italy (229); France (259); and Portugal (1 17). It is very important to know that HIV
modifies the clinical presentation of Leishmaniasis in the co-infected patients. Several
atypical aetiologic strains and species have been described in HlV-infected subjects.
In HIV associated leishmaniasis caused by non-visceralizing species the parasite may
disseminate to reticuloendothelial system and various other organs, and conversely the
visceralizing species can manifest in atypical manner. Fulminant presentation of VL is

possible in patients with AIDS. and relapses are usual. VL is now the fourth most



common opportunistic parasitic disease in HIV-positive individuals in Spain and 20-
40 per cent cases had absence of splenomegaly. In Africa particularly Ethiopia and
Sudan and Southern Europe, HIV-Leishmania co-infection is regarded as emerging
disease, and as many as 70 per cent adults with VL also have HIV infection. Recently
this co-infection has been noticed in Asia also. At least 10 cases of HIV-L.donovani
have been reported from India. Dissemination is common and gastrointestinal
involvement is commonest. The Leishmania amastigotes can be seen in
gastrointestinal mucosal biopsy specimen and are commonly found in Kaposi’s
sarcoma cutaneous lesions concomitant with VL. Leishmania parasites were recently
found in herpes zoster lesions in an HIV-positive patient (P.K. Sinha et al., 2005 &
Israel Cruz et al., 2006).

1.1.3 TREATMENT OF LEISHMANIASIS:

The chemotherapeutic treatments currently available have a number of
limitations due to poor efficacy, unacceptable host toxicity and drug resistance, and
new targets drug targets are required. Trypanothione reductase may be an ideal target
for structure based drug design. In the current report, we describe the structure of
trypanothione reductase of Leishmania mexicana and L. amazonensis. This species 1s
considered in this report since it causes cutaneous leishmaniasis and vicerial
leishmaniasis, which occurs as a coinfection with AIDS, so this species, has gained
importance and a potent drug target against this organism is of current interest.

Newer serological tests for determining Leishmaniasis infection (i.e. ELISA}
do not function as well in immunocompromised patients who aren't making antibodies
to infections. In these situations, two or more tests must be used making the diagnostic
procedure more expensive and less reliable.

The current drugs of choice have been on the market since the 1940s, well
before the emergence of HIV. Little is known about if and how the drugs for
Leishmaniasis cross react with the drugs for HIV. Furthermore, the drug regimens
were designed for use on immunocompetent patients and it is unknown what the

dosages should be for immunocompromised individuals. (Madeira da Silva L ez af..

2009)
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1.2 DATABASES:

A database is a structured collection of records or data that is stored i a
computer system. The structure is achieved by organizing the data according to a
database model. The mode! in most common use today is the relational model. Other
models such as the hierarchical model and the network model use a more explicit
representation of relationships. Database contains a number of tables. Each table is
made up of a series of columns. Data 1s stored in rows, and the place where each row

intersects a column is known as a field.( Date, C. J ez al.,2003)

1.2.1 PURPOSE OF DATABASES:
Databases are designed for three main purposes. These are 10 organize, store, and
retrieve information as efficiently and effectively as possible. Probably the retrieval of

information is the most important of these three. (Kroenke et al, 1997)

1.2.2 MODELS OF DATABASES:

1.2.2.1 Hierarchical Databases: As its name implies, the Hierarchical Database Model
defines hierarchically-arranged data.Perhaps the most intuitive way to visualize this type
of relationship is by visualizing an upside down tree of data. In this tree, a single table
acts as the "root” of the database from which other tables "branch” out.Relationships in
such a system are thought of in terms of children and parents such that a child may onty
have one parent but a parent can have multiple children. Parents and children are tied
together by links called "pointers” (perhaps physical addresses inside the file system). A

parent will have a list of pointers to each children.
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Fig 1.2 Representation of Hierarchial Database Model
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This child/parent rule assures that data is systematically accessible. To get to a low-
level table, you start at the root and work vour way down through the tree until you
reach your target. The hierarchical model however, is much more efficient than the
flat-file model we discussed earlier because there is not as much need for redundant
data. If a change in the data is necessary, the change might only need to be processed

once

1.2.2.2 Network Database: Network Database model was designed to solve some of the
more serious problems with the Hierarchical Database Model. Specifically, the
Network model solves the problem of data redundancy by representing relationships
in terms of sets rather than hierarchy. The model had its origins in the Conference on
Data Systems Languages (CODASYL) which had created the Data Base Task Group

to explore and design a method to replace the hierarchical model.

The network model is very similar to the hierarchical model actually. In fact,
the hierarchical model is a subset of the network model. However, instead of using a
single-parent tree hierarchy, the network model uses set theory to provide a tree-like
hierarchy with the exception that child tables were allowed to have more than one
parent. This allowed the network model to support ~many-to-many
relationships.Visually, a Network Database looks like a hierarchical Database in that
you can see it as a type of tree. However, in the case of a Network Database, the look
is more like several trees which share branches. Thus, children can have multiple

parents and parents can have multiple children.
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Fig 1.3 Representation Gf The Network Database Model
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Nevertheless, though it was a dramatic improvement, the network model was far from
perfect. Most profoundly, the model was difficult to implement and maintain. Most
implementations of the network model were used by computer programmers rather

than real users. (Mark Whitehorn et al., 2003)

1.2.2.3 Relational Databases: A relational database, simply defined, is a database that 1s
made up of tables and columns that relate to one another. These relationships are
based on a key value that is contained in a column. The relational database model was
developed by E.F.Codd back in the early 1970's.Data access methodology makes the
relational model a lot different from and better than the earlier database models
because it 1s a much'simpler model to understand. This is probably the main reason for
the popularity of relational database systems today.

Another benefit of the relational system is that it provides extremely useful tools for
database administration. Essentially, tables can not only store actual data but they can
also be used as the means for generating meta-data (data about the table and field
names which form the database structure, access rights to the database, integrity and

data vahidation rules etc)

1.2.2.4 Post-Relational Database Models: Products offering a more general data model
than the relational model are sometimes classified as post-relational. The data model in
such products incorporates relations but is not constrained by the Information Principle,
which requires that all information is represented by data values in relations.Some of
these extensions to the relational model actually integrate concepts from technologies that
pre-date the relational model. For example, they allow representation of a directed graph
with trees on the nodes.Some products implementing such models have been built by
extending relational database systems with non-relational features. Others, however, have

arrived in much the same place by adding relational features to pre-relational systems.

1.2.2.5 Object Database Models: In recent vears, the object-oriented paradigm has
been applied to database technology, creating a new programming model known as
object databases. These databases attempt to bring the database world and the

application programming world closer together, in particular by ensuring that the
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database uses the same type system as the application program. This aims to avoid the
overhead (sometimes referred to as the impedance mismatch) of converting
:nformation between its representation in the database (for example as rows in tables)
and its representation in the application progra (typically as objects). At the same
time, object databases attempt (0 introduce the key ideas of object programming, such
as encapsulation and polymorphism, into the world of databases.( Galindo, J ef al.,

2006)

1.2.3 BIOLOGICAL DATABASE:

Biological databases are libraries of life sciences information, collected
from scientific experiments, published literature, high throughput experiment
technology, and computational analyses. They contain information from research
areas including genomics, proteomics, metabolomics, microarray gene expression, and
phylogenetics. Information contained in biological databases includes gene function,
structure, tocalization (both cellular and chromosomal), clinical effects of mutations as

well as similarities of biological sequences and structures. ( Date, C. et al., 2003)

Relational database concepts of computer science and Information retrieval
concepts of digital libraries are important for understanding biological databases.
Biological database design, development, and long-term management 1s a COTe area of
the discipline of Bioinformatics. Data contents include gene sequences, textual
descriptions, attributes and ontology classifications, citations, and tabular data. These
are often described as semi-structured data, and can be represented as tables. key
delimited records, and XML structures. Cross-references among databases are

common, using database accession numbers.

Biological databases have become an important tool in assisting scientists to
understand and explain a host of biological phenomena from the structure of
biomolecules and their interaction, to the whole metabolism of organisms and to
understanding the evolution of species. This knowledge helps facilitate the fight
against diseases, assists n the development of medications and 1n discovering basic

relationships amongst species in the history of life.

D
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eishmaniasis research information systematically obtained over the peried of
several decades is scattered in various journals, databases and genome projects.
Recently the gencmes of Leishmania donovi and Leishmania infantum have been

sequenced.

1.2.4 RELATIONAL DATABASE MANAGEMENT SYSTEM:

The RDBMS stores data logically in the form of table spaces and physically m
the form of data files. Table spaces can contain various types of memory segments;
for example, Data Segments, Index Segments etc. Segments in turn comprise one or
more extents. Extents comprise groups of contiguous data blocks. Data blocks form

the basic units of data storage. (Mark Maslakowski,2000)

1.2.5 DATABASE SCHEMA:

The schema of a database system is its structure described in a formal language
supported by the database management system (DBMS). In a relational database, the
schema defines the tables, the fields in each table, and the relationships between fields
and tables.Schemas are generally stored in a data dictionary. Although a schema Js
defined in text database language, the term is often used to refer to a graphical

depiction of the database structure.

1.3 DATABASE FOR SPECIFIC ORGANISMS:

Model Organism Databases (MODs) describe genome and other information
about important experimental organisms in the life sciences. Also called orgamsm-
specific databases, these databases capture the large volumes of data and information
being generated by modern biology. Behind every MOD is a software system that is
designed to help manage the data within the MOD, and to help users query and access
those data. In the past, every MOD project developed its own software tools.More
recently, the Generic Model Organism Database (GMOD) Project began as an effort
to create reusable software tools for developing MODs. GMOD 1s a loose federation
of software applications (components) aimed at providing functionality that is needed

by many or all model organism databases. (Arnaiz O et al.. 2007)
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1.3.1 DATABASES FROM THE PERSPECTIVE OF MODEL ORGANISM
RESEARCH:

In the last 100 years, research on a handful of organisms has played a profound
role in advancing our understanding of the biological and biomedical sciences. The
need to capture, organize, and access data from these model organisms has driven the
creation of organism-specific databases. These model organism databases have
allowed researchers to sift through masses of data, to gain access to information or
materials they might have missed, and to go in new research directions. Comparative
analysis has proven to be valuable in increasing our understanding of biological
processes, including those in humans. Because these MODs are of immense value,
offer tremendous opportunities, and represent a significant fiscal investment, it 1s
timely to examine issues pertaining to the establishment, maintenance, evaluation, and

future directions of model organism databases.( Stein LD et al., 2002)
1.3.2 THE MODS AS RESEARCH RESOURCES:

MODs deal with two sets of research communities, with different needs and

expectations:
« Model organism community:

This community provides the data to a MOD, adds value by contributing
to the curation of the data, and comprises a major set of users who need access

to a great deal of specialized information, such as strain collections.
« General research community:

This community uses but does not directly contribute information to
MODs. Unlike the model organism community, the general community does
not usually understand the specialized jargon and nomenclature for a model
organism. The MODs should provide accessible summaries of genomic.

functional, and phenotypic information in addition to full access to the



underlying datasets.  (William M. Gelbart, Lansdowne Conference

Center,1998).

The project addresses the need to develop a database solely devoted to

Leishmaniasis.
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2. LITERATURE REVIEW:

2.1 LEISHMANIA INFORMATION ON WEB:

A vast amount of leishmanial information has been collected by various
research groups and medical experts. The data is distributed in various books.journals

and internet.some major leishmanial information sources include
Books:

1. Leishmania: After The Genome

Publisher: Caister Academic Press

Edited by: 1, Peter J. Myler and 2, Nicolas Fasel 1-Seattle Biomedical Research Institute (SBRI),
Seattle, WA, USA; 2- University of Lausanne, 1066 Epalinges, Switzerland

Publication year: 2008

ISBN: 978-1-904455-28-8

Pages: xiv + 306 + colour plate, Hardcover

2. Leishinania

Edited by:Farrell, Jay P. (Ed.)
Publisher:Series: World Class Parasites , Vol. 4
Publication year:2002,

ESBN: 978-1-4020-7036-5

Pages: 208 p., Hardcover

TABLE 2.1 Some Major Sources For Leishmanial Information on Web

S.No Institute/Organisation TYPE OF INFORMATION
1 Sanger Institute General information about
(www.sanger.ac.uk/Projects/L._major/) Leishmania and leishmaniasis
and genome information
2 Carlo Denegri Foundation ' General information about
(www_cdfound.to.it‘html/leil htm) Visceral Leishmania and
genome sequencing
3 World Health Organisation General information about
(www.who.int/tdr/svc/diseases/leishmaniasis) Leishmania
4 Genedb
(www.genedb.org/genedb/leish/) | Genome information about
Leishmaniasis
5 CDC(Division of Parasitc information) General information about
(www.cde.gov/ncidod/dpd/parasites/leishmanta/fa | Leishmania
ctsht leishmania.htm) L

29



2.1.1 SANGER INSTITUTE! (www.sanger.ac.uk!Projects/L__major/)

- The Leishmania major Friedlin Genome Project is being carried out in sanger
institute at Cambridge. The L. major Friedlin genome is 32.8Mb in size, with a

karyotype of 36 chromosomes. The G+C content is approximately 63%.

The Pathogen Genomics group at the Wellcome Trust Sanger Institute has
played a major role i the genome sequencing of Leishmania major. The sequence
data were obtained by adopting several parallel approaches, inchuding complete

cosmid sequencing, whole chromosome shotguns and/or BAC sequencing/skimming.

Project Status: Sequencing complete, 2 small gaps remaining.Latterly, the PSU has
also undertaken whole genome shotguns, to ~5x coverage, of both Leishmania

infantum and Leishmania braziliensis.
2.1.2 CARLO DENEGRI FOUNDATION: (www.cdfound.to.it/html/leil.htm)

Visceral leishmaniasis has a wide geographic distribution. North-Eastern
China, India, Middle-East,  Southern Europe (Mediterranean  basin),
Northern Africa, Central-East Africa and, in foci, Central and South America

(especially Brazil and Honduras).
2.1.3 GENEDB: (www.genedb.org/genedb/leish/):

The genome of L. major Friedlin, the reference strain (MHOM/IL/80/Friedlin,
zymodeme MON-103), was sequenced as part of a multi-centre collaboration. The
genome has been manually annotated and so far more than 8,000 genes have been
identified in the ~33.6Mb haploid genome, which is spread over 36 chromosomes.

The database is undergoing continual manual annotation and curation.
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2.1.4 WORLD HEALTH ORGANISATION:

(www.who.int/ tdr/sve/ diseases/leishmaniasis)

World health organization carries out project on leishmaniasis, monitors its existence
throughout the world. For a long time, litile was known about the transmission cycles
of the disease, but over the last few vyears, field research carried out by who and the
application of molecular biology have enabled substantial progress to be made 1n
understanding the different links in the transmission chain. Moreover, simple new
diagnostic tests have recently been developed which are practical, reliable and
inexpensive. These techniques are available to concerned countries for the early
detection and rapid treatment of the disease. The World Health Organization has been
collecting leishmaniasis data electronically on a yearly questionnaire through

Leishnet.

2.1.5 DEPARTMENT OF DEFENSE (WALTER REED ARMY INSTITUTE OF
RESEARCH):

The focus of this research is to develop a diagnostic device to detect
Leishmaniasis infection. The Overall project objective s to develop FDA approved
diagnostic devices 10 detect active and latent infection caused by Leishmania sp.
Extend the scope of the program (o the development of a systemically active agent of

biological therapy efficacious against Leishmaniasis
2.1.6 DEPARTMENT OF DEFENSE (Wrair,Brazil):

The project aims to identify the Genetic Factors Which Control Tropism in
Leishmania.This study was designed to identify the genes in Leishimania related to
temperature sensitivity. The Overall project objective is t0 identify the gene(s) that

control tropism 1n Leishmania and determine its (their) sequence and function.
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2.2 MODEL ORGANISM DATABASES:

Databases specific for single organisms have emerged to facilitate
understanding of biological processes and disease states.Some of the model organism

databases are given below,
221 MOUSE GENOME DATABASES (NERVENET ): (www.nervenet.org)

Mouse genome database contains information about

current symbols, old symbols, names, and aliases

. three sets of data on the positions of loci
1. from the November 1993 GBASE Locus Map
2. from the 1993 and 1994 Chromosome Committee Reports
3. data from the April 1995 MIT SSLP database release

« sequence accession numbers associated with gene loct

« Jocations of homologous genes in human and 10 other mammalian

species

« recombinant inbred strain data

« strain distribution data of alleles

« probe and PCR primer data

« enzyme commission numbers

« phenotype codes

« references (in progress)

2.2.2 SACCHAROMYCES GENOME DATABASE(SGD): (www.yeastgenome.org)

™ - . . . .
SGD™ is a scientific database of the molecular biology and genetics of the
yeast Saccharomyces cerevisiae, which 1s commonly known as baker's or budding

yeast.

(95
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. OBJECTIVES:

The project has been carried out with the following specific objectives:

+  Creation of model literature search database in access

« Physical Creation of the Relational Database on Leishmaniasis using Mysql
and testing of the database.

» Incorporation of sequence analysis tools

« (Creation of web pages for remote server to access Mysql database

. Online deployment of the database
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4 MATERIALS AND METHODS:

4.1 HARDWARE:

The present study was carried out In a system with following specifications:

System Manufacturer - Hewlett-Packard
System Model - HP Pavilion dv3 Notebook PC
System Type 1 X86-based PC
Processor ‘AMD  Turion(tm)X2Dual-Core,2
Logical Processor(s)
BIOS Version/Date(HP) :F.11, 06-08-2008
SMBIOS Version 2.4
Installed Physical Memory :3.00 GB
Total Physical Memory :3.00 GB
Available Physical Memory - 1.85GB
Total Virtual Memeory :6.22 GB
Available Virtual Memory :4.92 GB
Page File Space :3.29GB
4.2 SOFTWARE:

4.2.1 OPERATING SYSTEM:

An operating system is an interface between hardware and user; it 1s
responsible for the management and coordination of activities and the sharing of the
limited resources of the computer. The operating system acts as a host for applications
that are run on the machine. As a host, one of the purposes of an operating system i$ to
handle the details of the operation of the hardware.
4.2.1.1 Linux : Fedora is an RPM-based, general purpose operating system butlt on
top of the Linux kernel, deveioped by the community-supported Fedora Project and
sponsored by Red Hat. Fedora's mission statement is; "Fedora is about the rapid

progress of Free and Open Source software.”
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One of Fedora's main objectives is not only to contain free and open .source
software, but also to be on the leading edge of such technologies. Fedora developers
prefer to make upstream changes instead of applying fixes specifically tor Fedora—

this ensures that updates are available to all Linux distributions. (fedora.org)

History: The Fedora Project was created in late 2003, when Red Hat Linux was
discontinued. Red Hat Enterprise Linux was 10 be Red Hat's only officially supported
Linux distribution, while Fedora was to be a community distribution. Red Hat
Enterprise Linux branches its releases from versions of Fedora.

The name of Fedora derives from Fedora Linux, a volunteer project that provided
extra software for the Red Hat Linux distribution, Fedora Linux was eventually

absorbed into the Fedora Project. Fedora is a trademark of Red Hat (redhat.com)

Table 4.1 Fedora Developmental History

Pro;ect \Iame Versnon Code name 7 Release date Lu;uxversmn
| Yarrow 2003 .05 2419
5" Tettnang  2004-05-18 T 265

i 3 ' ‘Heldelberg 50041108 269

. Fedora Core - -~~~ - e

i 4 -Stentz 2003 06 13 2. 6. 11
5 " Bordeaux 2006 0320 2615
¢ Zod  2006-10- 24 T 2618
7 Moonshme 2007 9531 2621
& Werewolf 2007-11 08 -26731

Fedora 9 '"Sulphur CU9008:05-13 2.6.25

10 Cambndoe* 2008 1125 2627
11 Leonidas oqsxbly 2009 05 26 TBA '

* used for current study

4.2.1.2 Windows:

Microsoft Windows is a series of software operating systems and graphical
user interfaces produced by Microsoft. Microsoft first introduced an operating
enviromment named [Vindows in November 1985 as an add-on to MS-DOS 1n
response to the growing interest in graphical user interfaces (GUIS).M Microsott

Windows came to dominate the world's personal computer market, overtaking Mac

93]
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0S, which had been introduced previously. At the 2004 IDC Directions conference, it
was stated that Windows had approximately 90% of the client operating system
market. The most recent client version of Windows is Windows Vista; the most recent
server version is Windows Server 2008. Vista's successor, Windows 7 (currently in

public beta) is slated to be released between July 1, 2009 and June 30, 2010.

History: Microsoft has taken two paralie] routes in its operating systems. One route
has been for the home user and the other has been for the professional 1T user. The
dual routes have generally led to home versions having greater multimedia support
and less functionality in networking and security, and professional versions having
inferior multimedia support and better networking and security. (windows.com)

TABLE 4.2 Windows Deve]opmental Hlstory

_ Current )
Release date Product name - Version/ Notes
_ Build
Z"November 085 Windowsiol 101 Unsupported
" November 1987 _waaaa&gg* @ 203 Unsupported
f'March 1989 Wmdows') 11 ot Unsupported
‘\/Iay 1990 © Windows 3.0 o 3.0 Unsupported
March 1992 " Windows 3.1x A o Unsupported
October 1992 v\;ﬁi;;iigg | 3.1 Unsupported
CJuly1993 'ZWmdowsNTsl NT3.0  Unsupported
December 1993 \\?\ilonr?(;?oijigg.ll 3.11 Unsupported
: - " Windows 3.2 (released o
- January 1994  in Simplified Chinese 3.2 Unsupported
only)
! September 1994 Windows NT 3.5 NT 3.5 - Unsupported
:' May 1995 Windows NT 3.5 NT3.51 " .Unsupported
:'August 1995 Windows 95 40950 Unsupported.
 July 1996 WindowsNT 40 NT4.0.1381 Unsupported
* June 1998 Windows 98 4101998 rUnsupported
May 1999 Windows 98 SE ' 4102222  Unsupported
February 2000 Windows 2000 N 500105 Dxiended Support vt} S uly 13.

2010127
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September 2000 WindowsMe 4903 000 Unsupported
ST - ' Extended Suppoﬁ until April 8,
~ October 2001 Windows XP NT 5.1.2600 2014 for SP2 and SP3 (RTM

: 5 : and SP1 unsupported).

Windows XP 64-bit

March 2003 E d1 tlon 2003 NT 5.2.3790 Unsupported

. April 2003 Windows Server 2003 NT 5.2.3790 Current for SP1, R2, SP2 (RTM
= = unsupported).

7 Windows XP - R |

- April 2005 Professional x64 NT5.2.3790 Current

* Edition

| . ;Wmdows . I

. July 2006 Fundamentals for ‘NT 5.1.2600 Current

? gLecacy PCS :

November 2006 .

. (volume ; ‘ Current. Version Changed to
 licensing) Windows Vista* NT 6.0.6001 NT 6.0.6001 with SP1

- January 2007 ' (February 4, 2008)

- (retail) 5 |

July 2007 Windows Home Server NT 5.2.4500 Current

F ebruary 2008 ijdows Server 2008 NT 6.0.6001 Current

TBA ~ Windows 7 NT6.1.7000 Beta release

~* Used for current study

Windows Vista: Windows Vista is a line of operating systems developed by Microsoft
for use on personal computers, including home and business desktops, laptops, Tablet
PCs, and media center PCs. Prior to its announcement on July 22, 2005, Windows

Vista was known by its codename "Longhorn.”

Development was completed on November 8. 2006; over the following three
months it was released in stages to computer hardware and software manufacturers,
business customers, and retail channels. On January 30, 2007, it was released
worldwide, and was made available for purchase and download from Microsoft's
website. The release of Windows Vista came more than five years after the
introduction of its predecessor, Windows XP. the longest time span between

successive releases of Microsoft Windows desktop operating systems.



Windows Vista contains many changes and new features, including an updated
graphical user interface and visual style dubbed Windows Aero, improved searching
features, new multimedia creation tools such as Windows DVD Maker, and
redesigned networking, audio, print, and display sub-systems. Microsoft's primary
stated objective with Windows Vista, however, has been to improve the state of

security in the Windows operating system.
4.2.2 RELATIONAL DATABASE MANAGEMENT SYSTEM:

A Relational database management system (RDBMS) is a database
management system (DBMS) that is based on the relational model as introduced by
E. F. Codd. Most popular commercial and open source databases currently in use are
based on the relational modei. A short definition of an RDBMS may be a DBMS in
which data is stored in the form of tables and the relationship among the data is also

stored in the form of tables.

4.2.2.1 Microsoft Access: Microsoft Office Access, previously known as Microsoft

Access, is a relational database management system from Microsoft that combines the
relational Microsoft Jet Database Engine with a graphical user interface and software
development tools. It is a member of the Microsoft Office suite of applications and is
included in the Professional and higher versions for Windows and also sold
separately. Access stores data in its own format based on the Access Jet Database
Engine. It can also import or link directly to data stored in other Access databases,
Excel, SharePoint lists, text, XML, Outlook, HTML, dBase, Paradox, Lotus 1-2-3, or
any ODBC-compliant data container including Microsoft SQL Server, Oracle,
MySQL and PostgreSQL. Software developers and data architects can use it to
develop application software and non-programmer "power users” can use 1t to build
simple applications (msdn.com,2008)

Tables: A table is a collection of data about a specific topic, such as students or
contacts. Using a separate table for each topic means that you store that data only
once, which makes your database more efficient, and reduces data-entry errors. Tables

organize data into columns (called fields) and rows {calied records).
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Primary Key : One or more fields (coluruns) whose value or values uniquely identify
each record in a table. A primary key does not allow Null values and must always
have a unique value. A primary key is used to relate a table to foreign keys in other

table.

Relationship: After you've set up multiple tables in your Microsoft Access database.
you need a way of telling Access how 10 bring that information back together again.
The first step in this process is to define relationships between your tables. After
you've done that, you can create queries, forms, and reports to display information
from several tables .A relationship works by matching data in key fields - usually a
field with the same name in both tables. In most cases, these matching fields are the
primary key from one table, which provides a unique identifier for each record, and a

foreign key in the other table.

Forms: A form is nothing more than a graphical representation of a table. You can
add, update, delete records in your table by using a form. A form is very good to use
when you have numerous fields in a table. This way you can See all the fields 1n one
screen, whereas if you were in the table view (datasheet) you would have to keep

scrolling to get the field you desire. (Mary Ann Richardson,2008)

4.2.2.2 Mysgl: MySQL was developed by a consulting firm in Sweden called TcX in

1996. They created it because they needed a relational database that could handle
large amounts of data on relatively cheap hardware. MySQL is the fastest relational
database on the market. It outperforms all the jeading databases in almost every
category. It has almost all the functionality the leading databases have. MySQL 1s an

open source, Enterprise-level, multi-threaded, relational database management system.

MySQL is a program that manages databases, much like Microsoft's Excel
manages spreadsheets. SQL s a programming language that is used by MySQL to
accomplish tasks within a database, just as Excel uses VBA (Visual Basic for
Applications) to handle tasks with spreadsheets and workbooks.

Some of the basic Mysql operations are as follows:
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Show databases;
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Fig 4.1 Mysql Console

To see the structure or schema of a database, the following command is issued:
Show tables from mysqgl;

To create a successful database, some thought has to be given to its design. A
well-designed database will grow well. Retrieving and maintaining the information n

a well designed database is a breeze.

Creating a Database: Use the CREATE DATABASE command to create a new
database. To create a new database named newdb, issue the following command. The

output will be as shown if the database is created successfuily.

mysgl> CREATE DATABASE newdb;
Query OK, 1 row affected (0.02 sec)

Dropping a Database: Use the DROP DATABASE command to drop a database
completely.

mysgl> DROP DATABASE newdb;

Query OK, 0 rows affected (0.00 sec)

Creating a New Table: Use the CREATE TABLE commmand to create a new database
table. A table definition consists of a number of columns and a set of table options.

Each column in the table definition is given a data type and can also be given a
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constraint. A column name can be up to 64 characters long and can contain any
character. Enclose the column name in quotes (") or backticks (*) if it contains a space.

A column name canniot be one of the reserved keywords.

The INSERT Statement :The INSERT statement adds a new row of data to a table. At
its simplest, INSERT is followed by a table name, the keyword VALUES, and a list of
values in parentheses that correspond to each column in the table in turn. Several rows
can be inserted in a single INSERT statement by supplying multiple lists of values.

Each list must be enclosed in parentheses and separated by a comma

The DELETE Statement: The DELETE statement is used to remove data rows from a
table. Its syntax is similar to a SELECT statement: You supply a table name after the
keyword FROM and use a WHERE clause to filter the rows that are to be deleted. To
delete only a single row from a table, ensure that the WHERE clause will match only
that row. Check the value of the table's PRIMARY KEY column to ensure that an

exact match is found.

The UPDATE Statement:The UPDATE statement is used to change one or some of
the values in a data row. As with DELETE, include a WHERE clause to indicate that

this row or rows are to be updated.

The REPLACE Statement: The REPLACE statement works just like INSERT, except
that if a row already exists in the table with the same PRIMARY KEY value as the
new data, the new row replaces it. Therefore, REPLACE never causes a PRIMARY
KEY violation.

Loading Data from a File: Data from an external file can be loaded into MySQL using
the LOAD DATA INFILE command. The data in the file must be in a structured
format the default format is one record on each line, with values separated by tabs.If
your data file is not tab-separated, must specify the separation method in the LOAD
DATA INFILE statement using the TERMINATED BY and ENCLOSED BY
keywords. (Mark Maslakowski.,2000)

45



4.2.3 WEB SERVER:

4.2.3.1 Apache Http Server: The Apache HTTP Server, commonly referred to simply

as Apache, is a web server potable for playing a key role in the initial growth of the
World Wide Web and in 2009 became the first web server to surpass the 100 million
web site milestone. Apache was the first viable alternative to the Netscape
Communications Corporation web server (currently known as Sun Java System Web
Server), and has since evolved to rival other Unix-based web servers in terms of
functionality and performance. The majority of all web servers using Apache are

Linux web servers.

Apache is developed and maintained by an open community of developers under the
auspices of the Apache Software Foundation. The application is available for a wide
variety of operating systems, including Unix, GNU, FreeBSD, Linux, Solaris, Novell
NetWare, Mac OS X, Microsoft Windows, 0S/2, TPF, and eComStation. Released
under the Apache License, Apache is characterized as free software and open source

software.
4.2.4 PHP MAKER:

PHPMaker is a powerful automation tool that can generate a full set of PHP
quickly from MySQL database. Using PHPMaker, you can instantly create Web sites
that allow users to view, edit, search, add and delete records on the Web. PHPMaker
is designed for high flexibility, numerous options enable you to generate PHP
applications that best suits your needs. The generated codes are clean, straightforward
and easy-to-customize. The PHP scripts can be run on both Windows or Linux/Unix
servers. PHPMaker can save you tons of time and is suitable for both beginners and

experienced developers alike.
4.2.5 DATABASE MANAGEMENT TOOLS:

42.5.1 WAMP Tool (Windows-Apache-Mysql-Php). WAMPs are packages of

independently-created programs installed on computers that use a Microsoft Windows
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operating system. The interaction of these programs enables dynamic web pages to be

served over a computer network, such as the internet or a private network.

"WAMP" is an acronym formed from the initials of the operating system (Windows)
and the package's principal components: Apache, MySQL and PHP (or Perl or
Python). Apache is a web server, which allows people with web browsers like Internet
Explorer or Firefox to connect to a computer and see information there as web pages.
MySQL is a database manager (that is, it keeps track of data in a highly organized
way). PHP is a scripting language which can manipulate information held in a
database and generate web pages afresh each time an element of content 1s requested
from a browser. Other programs may also be included in a package, such as
phpMyAdmin which provides a graphical interface for the MySQL database manager,
or the alternative scripting languages Python or Perl.(Wikipedia.org)

4.2.52 LAMP TOOL (Linux-Apache-Mysgl-Php): The acronym LAMP refers to a
solution stack of software, usually free and open source software, used to run dynamic

Web sites or servers. The original expansion is as follows:

. Linux, referring to the operating system,
» Apache, the Web server;
« MySQL, the database management system (or database server);

. one of several scripting languages: Perl, PHP or Python.

The combination of these technologies is used primarily to define a web server
infrastructure, define a programming paradigm of developing software, and establish a

software distribution package.

Though the originators of these open source programs did not design them all to work
specifically with each other, the combination has become popular because of its low
acquisition cost and because of the ubiquity of its components (which come bundled
with most current Linux distributions). When used in combination they represent a

solution stack of technologies that support application servers.( Dale Dougherty..2001)
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4.2.5.3 PhpMyAdmin: PhpMyAdmin is a free software tool written in PHP intended to
handle the administration of MySQL over the World Wide Web. phpMyAdmin
supports a wide range of operations with MySQL. The most frequently used
operations are supported by the user interface (managing databases, tables, fields,
relations, indexes, users, permissions, etc), while you still have the ability to directly
execute any SQL statement. PhpMyAdmin has won several awards. Among others, it
was chosen as the best PHP application in various awards and every year wins the
SourceForge.net Community Choice Awards as "Best Tool or Utility for SysAdmins”.
phpMyAdmin 3s a more than ten years old project with stable and flexible code

base. Advantages of PhpMyAdmin includes:

. Intuitive web interface
. Support for most MySQL features:
o browse and drop databases, tables, views, fields and indexes
o create, copy, drop, rename and alter databases, tables, fields and indexes
» Imaintenance SETver, databases and tables, with proposals on server
configuration
o execute, edit and bookmark any SQL-statement, even batch-queries
o manage MySQL users and privileges
o manage stored procedures and triggers
. Import data from CSV and SQL
. Export data to various formats: CSV, SQL, XML, PDF, ISO/IEC 26300 - Open
Document Text and Spreadsheet, Word, Excel, and others
« Administering multiple servers
. Creating PDF graphics of your database layout
. Creating complex queries using Query-by-example (QBE)
. Searching globally in a database or a subset of it

. Transforming stored data into any format using a set of predefined functions
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4.2.6 SEQUENCE ANALYSIS TOOL:

The term "sequence analysis” in biology imphes subjecting a DNA or peptide
sequence to sequence alignment, sequence databases, repeated sequence searches, or

other bioinformatics methods on a computer.

4.2.6.1 Basic Local Alignment Search Tool (BLAST): Basic Local Alignment Search
Tocl, or BLAST, is an algorithm for comparing primary biological sequence
information, such as the amino-acid sequences of different proteins or the nucleotides
of DNA sequences. A BLAST search enables a researcher to compare a query
sequence with 2 library or database of sequences, and identify library sequences that
resemble the query sequence above a certain threshold.

The BILAST program was designed by Eugene Myers, Stephen Altschul, Warren
Gish, David J. Lipman and Webb Miller at the NIH and was published in J. Mol. Biol.
1 1990 ( Altschul ef al.,1990)

BLAST ALGORITHM:

An overview of the BLASTP algorithm (a protein to protein search) is as follows:

1. Remove low-complexity region or sequence repeats in the query sequence.
Low-complexity region means a region of a sequence is composed of few kinds
of elements. These regions mi ght give high scores that confuse the program to
find the actual significant sequences in the database, so they should be filtered
out. The regions will be marked with an X (protein sequences) or N (nucleic
acid sequences) and then be ignored by the BLAST program. To filter out the
Tow-complexity regions, the SEG program 18 used for protein sequences and
the program DUST is used for DNA sequences. On ihe other hand, the program
XNU is used to mask off the tandem repeats in protein sequences.

2. Make a k-letter word list of the query sequence.
Take k=3 for example, we hst the words of length 3 in the query protein
sequence (K 18 usually 11 for a DNA sequence) “sequentially”, until the last

letter of the query sequence is included. The method can be illustrated in figure
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Query sequence: PQGEFG

Word 1: PQG

“Word 2: QGE

FIG 4.2 The Method To Establish The K-Letter Query Word List
During Blast Query

3. List the possible matching words. This step is one of the main differences
between BLAST and FASTA. FASTA cares about all of the common words in
the database and query sequences that are listed in step 2; however, BLAST
cares about only the high-scoring words. The scores are created by comparing
the word in the list in step 2 with all the 3-letter words. By using the scoring
matrix (substitution matrix) to score the comparison of each residue pair, there
are 203 possible match scores for a 3-letter word. For example, the score
obtained by comparing PQG with PEG and PQA is 15 and 12, respectively. For
DNA words, a match is scored as +3 and a mismatch as -4. After that, a
neighborhood word score threshold T is used to reduce the number of possible
matching words. The words whose scores are greater than the threshold T will

remain in the possible matching words hist,

while those with lower scores will be discarded. For example, PEG is kept, but

PQA is abandoned when T 13 13.

4. QOrganize the remaining high-scoring words mto an efficient search tree.
This is for the purpose that the program can rapidly compare the high-scoring
words to the database sequences.

5. Repeat step 1 to 4 for each 3-letter word in the query sequence.

6. Scan the database sequences for exact match with the remaining high-scoring

words.



The BLAST program scans the database sequences for the remaining high-
scoring word, such as PEG, of each position. If an exact match is found, this
match is used to seed a possible ungapped alignment between the query and
database sequences.

 Extend the exact matches to high-scoring segment pair {(HSP).

The original version of BLAST stretches a longer alignment between the query
and the database sequence in left and right direction, from the position where
exact match is scanned. The extension doesn’t stop until the accumulated total
score of the HSP begins to decrease. A simplified example is presented in

figure

Quervsequence:R P P Q G L F

Database sequence:D P P E G V V
I_’Exact match is scanned.

Score:-2 7.7 2 6 1 -1

L’HSP

Optimal accumulated score = T+7+2+6+1 = 23

FIG 4.3 The Process To Extend The Exact Match During Blast
Query
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FIG 4.4 The Position Of Exact Matches During Blast Query

List all of the HSPs in the database whose score is high enough to be
considered.

We list the HSPs whose scores are greater than the empirically determined
cutoff score S. By examining the distribution of the alignment scores modeled
by comparing random sequences, a cutoff score S can be determined such that
its value is large enough to guarantee the significance of the remained HSPs.

. Evaluate the significance of the HSP score.
BLAST next assesses the statistical significance of each HSP score by
exploiting the Gumbel extreme value distribution (EVD). (It is proved that the
distribution of Smith-Waterman local alignment scores between two random
sequences follows the Gumbel EVD, regardless of whether gaps are allowed in
the alignment). In accordance with the Gumbel EVD, the probability p of

observing a score S equal to or greater than x is given by the equation

p(S>x)=1-exp (—6_’\{1'““])

‘Where,



p= [log(Km'n"]%

The statistical parameters » and K are estimated by fitting the distribution
of the ungapped local alignment SCOTES, of the query sequence and a lot of
shuffled versions {Global or local shuffling) of a database sequence, to the
Gumbel extreme value distribution. Note that A and K depend upon the
substitution matriX, gap penalties, and sequence composition (the letter
frequencies). The m’ and n’ is the effective length of the query and database
sequence, respectively. The original sequence length is shortened to the
effective length to compensate for the edge effect (an alignment start near the
end of one of the query or database sequence is likely not to have enough

sequence to build an optimal alignment). They can be calculated as

i -
iﬂ-' ~ T — {In hmn)/H

m ~m — {lnh‘mn)/H

where H is the average expected score per aligned pair of residues in an
alignment of two random sequences. Altschul and Gish gave the typical values,
% = 0318, K = 0.13, and H = 0.40, for ungapped local alignment using
BLOSUMBS62 as the substitution matrix. Using the typical values for assessing
the significance is called the lookup table methods, and is not accurate. The
expect score E of a database match is the number of times that an unrelated
database sequence would obtain a score S higher than x by chance. The

expectation E obtained in a search for a database of D sequences is given by

E~n1-e P
Furthermore, when p < 0.1, E could be approximated by the Poisson

distribution as

FE=pD
Note that the E value accessing the significance of the HSP score here (for

ungapped local alignment) is not identical to the one in the later step 1O
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evaluate the final gapped local alignment score, cue to the variation of the

statistical parameters.

10 Make two or more HSP regions into a longer  alignment.
Sometimes, we find two or more HSP regions in one database sequence that
can be made into a longer alignment. This provides additional evidence of the
relation between the query and database sequence. There are two methods, the
Poisson method and the sum-of scores method, to compare the signiﬁcancé of
the newly combined HSP regions. Suppose that there are two combined HSP
regions with the sets of score (65, 40) and (52, 45), respectively. The Poisson
method gives more significance to the set with the lower score of each set is
higher (45>40). However, the sum-of-scores method prefers the first set,
because 65+40 (105) is greater than 52+45(97). The original BLAST uses the
Poisson method; gapped BLAST and the WU-BLAST use the sum-of scores
method.

11.Show the gapped Smith-Waterman local alignments of the query and each of
the matched database sequences.

o The original BLAST only generates ungapped alignments including the
initially found HSPs individually, even when there is more than one
HSP found in one database sequence.

o BLAST?2 versions produce a single alignment with gaps that can include
all of the initially found HSP regions. Note that the computation of the
score and its corresponding E score is involved with the adequate gap
penalties.

12.Report the matches whose expect score is lower than a threshold parameter

E.(Altschul et al.,1990)

BLAST REQUIREMENTS:

e Requires an active intemnet connection 1o visit websites where molecular

databases reside (e.g. http://www.ncbi.nlm.nih.gov)- have a fot of flexibility

LN
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working over the web (inany different databases and informatics tools can be
rapidly accessed)

specify a target database to be searched using the website’s BLAST server
upload the query sequences (these are the sequences you want 1o learn more
about) to a web-BLAST server; then these sequences are compared by the

BLAST alignment algorithm to all sequences in the specified target database

BLAST Session Setup:

BLAST
program

Fig 4.5 Blast Session

If BLAST detects a match between query sequences and database sequences,
this indicates some meaningful relationship between the aligned sequences.(

Doug Davis,2006)
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Fig 4.6 Flow Of Events In Blast
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4.2.6.2 Standalone Www Blast Server: Standalone WWW BLAST server suite of
programs was designed similar to the regular NCBI BLAST server and such
command-line NCBI BLAST programs like "blastall”, "blastpgp”, "rpsblast”" and
"megablast”. It incorporates most features, which exist in NCBI BLAST programs and
should be relatively easy to use. This server does not support any request queuing and
load balancing. As soon as the user hits a "Search” button, BLAST starts immediately
if entered information is valid. So, this server is not intended to handle large load,
which may exist in public service. Such queueing and loadbalancing however may be
implemented using such products as Load Sharing Facility - "LSF" from Platform
Computing Corporation. Interface to "LSF" was implemented in NCBI, however this
was not included in this suite. Standalone server assumes that users have their own
BLAST or RPS-BLAST database(s), that should be searched and want to have a
simple WWW interface to such search. (Thomas Madden et al..)

Configuration Of Blast Databases: To set up databases for the standalone WWW

BLAST server, it 1s necessary to follow these steps:

1. Put a file with concatenated FASTA entries in the "./db" directory

2. Run "formatdb" program, available from the NCBI ftp site to format the
database.

3, Add name of the database into server configuration file

4. Add name of the database into (PSI/PHI) WWW BLAST search form

Description Of Tags For The Main Blast Input Page: This standalone server has a tag
convention analogous to the regular NCBI BLAST server. Sample BLAST search
forms may be changed to accommodate particular needs of the user in the custom
search. Here is the list of these tags and their meaning. If some tag is missing from the
search input page, it will take a default value. Exceptions are tags PROGRAM,
DATALIB and SEQUENCE (or SEQFILE). that should always be set.

« PROGRAM - name of the BLAST program. Supported values include

programs: blastn, blastp, blastx, tblastx and tblastn
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DATALIB - name of the database(s) to search. This implementation includes
possibility to use multiple databases. To use multiple databases several
"DATALIB" tags should be used on the page for example using checkboxes
(look for example at Microbial Genomes Blast Databases BLAST at NCBI).
Note, that all of these databases should be properly written in the server
configuration file.

SEQUENCE and SEQFILE - these tags used to pass sequence. First
SEQUENCE tag is used for the input sequence. If it is missing, the SEQFILE
tag is used instead.

UNGAPPED ALIGNMENT - default BLAST search is a gapped search; this
tag, if set, will turn gapped alignment off.

MAT PARAM used to set 3 parameters at the same time. Value for this tag
should be in format " " where mat_pame - string name of the matrix
(BLOSUMS62, etc), dl - integer for cost to open 2ap and d2 - cost to extend gap
(-G and -E parameters in blastall respectably)

GAP_OPEN - set value for cost to open gap - 0 or missing tag invoked default
behavior

GAP_EXTEND - set value for cost to extend gap - 0 or missing tag invoked
default behavior

X_DROPOFF - Dropoff (X) for blast extensions in bits (default if zero) (-y
parameter in "blastpgp" program)

GENETIC_CODE - Query Genetic code to use (for blastx only)
THRESHOLD 2 - Threshold for extending hits in second pass in multipass
model search

MATRIX - Matrix (default is BLOSUM62) (-M in blastall) EXPECT -
Expectation value (-€ in blastall)

NUM_OF_BITS - Number of bits to trigger gapping (-N in blastpgp)

NCBI GI - I formatted database use Seqlds in the NCBI format this option
will turn printing of gis together with accessions.

FILTER - Multiple imstances of values of this tag are concatenated and passed

to the engine as "filter string” ("L" for low complexity and "m" if filter should
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be set for lookup table only) - any letter will turn defeult filtering on - DUST
for nucleotides and SEG for proteins (-F in blastall}

. DESCRIPTIONS - Number of one-line descriptions in the output (-v in
blastall)

. ALIGNMENTS - Number of alignments to show (-b in blastall)

Functionality Offered By Blast Applications: The functionality offered by the
BLAST+ applications has been organized by program type, as to more closely
resemble Web BLAST. The following graph depicts a correspondence between the
NCBI C Toolkit BLAST comimand line applications and the BLAST applications:

v

b!aslgP @
:"j | ,
A ! \
y z\‘ rpstblasm
makeblasidb

blastdb_aliastool

FIG 4.7 Various Blast Applications And Their Inter Relationship

As an example, to run a search of a nucleotide query (translated “on the fly” by
BLAST) against a protein database one would use the blastx application instead of
blastall. The blastx application will also work in “Blast2Sequences” mode (i.e.:
accept FASTA sequences imstead of a BLAST database as targets) and can also
send BLAST searches over the network to the public NCBI server if desire.
(Christiam Camacho et al.,)

Here’s how the BLAST session looks in «Command Prompt” (this is the program

you will use in Windows {6 run BLAST):

th
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3 Command Prompt- -

;00::; ‘
Microgoft Corp.

Fig 4.8 Blast In Command Line

4.2.7 LITERATURE SEARCH ENGINES:

A search engine is an information retrieval system designed to help find
information stored on a computer system. The search results are usually presented in a
list and are commonly called hits. Search engines help to minimize the time required
to find information and the amount of information which must be consulted, akin 1o
other techniques for managing information overload. A literature search is a detailed

and organized, step by step search for all the material available on a topic.

4.2.7.1 Pubsearch: PubSearch is a literature curation management system designed to
store and manage the available literature for an organism or system of interest. It
provides database curators with a powerful literature search capability, stores relevant
biological information, creates automatic associations between the biological
information and the literature, and provides a user-friendly web interface for manual
validation and curation. PubSearch is based on a simple MySQL relational database
for the back-end, and Java Serviet and Java Server Pages for the API and front-end
applications. PubSearch is extensible. allowing new biological objects of interest to be

added, and flexible, allowing programming of different curation strategies.

1t is currently used for curating biological information for the model organism

database for Arabidopsis thaliana, TAIR. The system can be easily adapted for



extracting and curating information from the literature for any mode]l organism

database.

PubSearch dataflow and design overview:

Step 3

search vakdate, update, msed

'

Web User Interfaces

B '
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Fig 4.9 Pubsearch Dataflow

Step 1: The PubSearch database is loaded in batch mode using input from other
databases such as literature databases (PubMed, Agricola, etc), TAIR (an example

model organism database), and the Gene Ontology database.

Step 2: The PubSearch database The PubSearch database is the central component of
the PubSearch system. The following operations are performed during PubSearch use:

indexes the information by populating the Hit table.

Step 3: Through the Java API and the web-interface, curators search, update, validate

and insert information, relying on the indexed data in the database.

Step 4: Finally, the data is exported to the TAIR production database and other

databases such as the Gene Ontology database. (Yoo D et al ,2006)
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4.2.7.2 TEXTPRESSO: Textpresso is a text-mining system for scientific literature.
Textpresso's two major elements are (1) access to full text, 50 that entire articles can
be searched, and (2) introduction of categories of biological concepts and classes that
relate two objects (e.g., association, regulation, etc. ) or describe one (e.g., methods,
etc). A search engine enables the user to search for one or a combination of these

categories and/or keywords within an entire literature

£y Textpresss- Mozilla Firefox

File Est View Go Bookmarks Tools Help y
QS A TeigaRame R
BSUSE LINU! mEntertamment éNe\xs E3Internet Search Eapeference EMeps and Directions E“Shoppmg & Peapie and Compa...

' Welcome!

,.__~———~——-—-—'——‘__“__'_—"'
- Fe eWe . This 1s the new interface of Textpresso. TS
s & 1”‘“‘9 Lt aite has several, searchable eratures. Each |

Separate PNtiple, required keyWorcs by ¥ hite spaces {Bodlean P~ j "o fiterature 1s marked up with the onteloges of k
ey 1) Textfield for search string ot ol eras
; Separate multiple, siemative keywords by 2 comma with no white inane T B crassa Please note that the response time depends
. spaces {Boolean 'or'}. r—’—/ heavily on your choige of display oplions.
' none o
- Enter phrases in double Quotes, and put 2 " gign in front of words - NTle the ste;rch Ur“: fiself 1s Sdm t, the

which are to be excluded, K . optian ‘matching sentences & \
" u R —— R — - 1) Literature entries/page’ (ausitable after a searchis
."‘ - e 3]?0]3“}) menus speaﬁcatlon returned) increase processing ime. . !
‘ Exact match Cl;(;kboxes fm‘ fors EleYl n Please use the Feedback page (opion in the l
© I cage sensilive *"’ ke word s ecification p 2 top menu} to report ireguizrities. 4
; ¥ p categories. )

searchl | 5) Submlt bunon
’j"‘ 61 News, messages & update info

iDatapase Descrlptlon o
 Currently, this site contains information abeut the faflowing Jiteratures and data types (data count in parenthesis):
11, crasse: hody {1480) \

C_elegans: abstract (4136}, body (1908}, title (4605}

©p. melanogaster: abstact (4331, body {1711), tale {4226) ‘5
Summary: abstract : 8467, body : 5032, titke + 8931, total © 22447 7) Details about the database |

FI1G 4.10 An Example Of Textpresso Search

Textpresso is useful as a search engine for researchers as well as a curation tool. 1t
was developed as a part of WormBase and is used extensively by C. elegans curators.
Textpresso has currently been implemented for 17 different literatures, and can readily

be extended to other corpora of text. {Hans-Michael Muller., 2007.)



4.3 ACCESSING MYSQL DATABASE FROM THE WEB WITH PHP:

A user's web browser issues an HTTP request for a particular web page. The

search results page is called results.php. Here are the steps mvolved:

1 The web server receives the request for results.php, retrieves the file, and
passes it to the PHP engine for processing.

2. The PHP engine begins parsing the script. Inside the script is a command to
connect to the database and execute a query .PHP opens a connection to the
MySQL server and sends on the appropriate query.

3. The MySQL server receives the database query, processes it, and sends the
results back to the PHP engine.

4. The PHP engine finishes running the script. This usually involves formatting
the query results micely in HTML. It then returns the resulting HTML to the

web server.

LN

. The web server passes the HTML back to the browser, where the user can sce

the data.

Begin with the search form. The code for this plain HTML form is shown.

Database Secarch Page:

<html>

<head>

<titlerLeishmania literature Search</title>
</head>

<body>

<hl> Leishmania literature Search</hl>

<form action="results.php" method="post">

@ -3 oy s W N

Choose Search Type:<br />

9 <select name="searchtype">

10<option value="author">Author</option>

li<option value="title">Title</option>
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1l2<option value="abstract">Abstract</option>

13</select>

1d<br />

15Enter Search Term:<br />

16<input name="searchterm" type=""text" size="40"/>

17<br />

18<input type="submit” name="submit" value="Search"/>

19</form> 20</body> 21</html>

This HTML form is reasonably straightforward.

The script that will be called when the Search button is clicked is results . php.

This Script Retrieves Search Results from the MySQL Database and Formats Them
for Display

<html>

<head>

<title> Leishmania literature Search Resultg</title>
</head>

<body>

<hl> Leishmania literature Search Results</hl>

<?php

o -1 ;U W NP

// create short variable names

9 $searchtype=$_POST['searchtype‘};
108searchterm=trim($_PCST['searchterm'});

11if (!$searchtype || !$searchterm) {

12echo 'You have not entered search derzils. Please go back and try again.’;
13exit;

14}



154if (iget_magic_quotes#gpc()){

16¢$searchtype = zddslashes ($searchtypel;

i7%searchterm = addslashes {$searchterm};

18}

2 s$db = new mysgli('lccalhost', f,eishmania literature °, ' Lelishmania
19

literaturel23 ', 'table’);

20if (mysqgli_connect_errno(}) {
21echo 'Error: Could not connect to database. Please try again later.';
22exit;
23}

Squery = "select * from table

where " .Ssearchtype." like 13" $searchterm.”%"";
255result = $db->query {Squeryl;
26%num_results = Sresult->num_rows;
27echo "<peNumber of reccrds found: ".S$num_results."</p>";
28for ($i=0: $1 <$num results; Si++) |
29%row = Sresult->fetch_asseci);
i0echo "<pr<strong>".($i+1).". Title: ";
3leche htmlspecialchars(stripslashes(Srow['title'])};
32echo *</strong»<br />ARuthor: ";
33echo stripslashes($row['author']);
3decho "<br />ABSTRACT: ";
35%echo stripslashes($row['abstract’]);
36echo "<br />ADDRESS: ";
37echo stripslashes{Srow['address’']};
38echo "</p>";
393
40%result-»ireel();
415db->closel};
427> 43</body> 4L4</htmli>

Note that this script allows you to enter the MySQL wildcard characters % and _
(underscore). This capability can be useful for the user,but you can escape these

characters if they will cause a problem for your application.{ Luke Welling et al.)
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4.4 CODD’S RULES FOR RELATIONAL DATABASES:

Codd's 12 rules are a set of thirteen rules (numbered zero to twelve) proposed
by Edgar F. Codd, a pioneer of the relational model for databases, designed to define
what is required from a database management system in order for it to be considered

relational, i.e., an RDBMS

Codd produced these rules as part of a personal campaign to prevent his vision
of the relational database being diluted, as database vendors scrambled in the early
1980s to repackage existing products with a relational veneer. Rule 12 was
particularly designed to counter such a positioning. In fact, the rules ar¢ so strict that

all popular so-called "relational” DBMSs fail on many of the criteria.
The rules are as follows:

Rule 0: The system must qualify as relational, as a database, and as a management
system.For a system to qualify as a relational database management system
(RDBMS), that system must use its relational facilities {exclusively) to manage the

database.
Rule 1: The information rule:

All information in the database is to be represented in one and only one way,

namely by values in column positions within rows of tables.
Rule 2: The guaranteed access rule:

All data must be accessible. This rule is essentially 2 restatement of the
fundamental requirement for primary keys. It says that every individual scalar
value in the database must be logically addressable by specifying the name of
the containing table, the name of the containing column and the primary key

value of the containing row.

Rule 3: Systematic treatment of null values:
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The DBMS must allow each field to remain null (or empty). Specifically, it
must support a representation of "missing information and inapplicable
information” that is systematic, distinct from all regular values (for example,
ndistinct from zero or any other number”, in the case of numeric values), and
independent of data type. It 1s also implied that such representations must be

manipulated by the DBMS in a systematic way.
Rule 4: Active online catalog based on the relational model:

The system must support an online, inline, relational catalog that is accessible
to authorized users by means of their regular query language. That is, users
must be able to access the database’s structure (catalog) using the same query

language that they use to access the database's data.
Rule 5: The comprehensive data sublanguage rule:
The system must support at least one relational language that

1. Has a linear syntax

7 Can be used both interactively and within application programs,

3. Supports data definition operations (including view definitions), data
manipulation operations (update as well as retrieval), security and
integrity constraints, and transaction management operations (begin,

commit, and roliback).
Rule 6: The view updating rule:
All views that are theoretically updatable must be updatable by the system.
Rule 7: High-level insert, update, and delete:

The system must support set-at-a-time insert, update, and delete operators. This
means that data can be retrieved from a relational database in sets constructed

of data from multiple rows and/or multiple tables. This rule siates that insert.
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If the system provides a low-level (record—at—a—time‘) interface, then that interface
cannot be used to subvert the system, for example, bypassing a relational security OF

“integrity constraint.( Codd, Edgar Frank,1985).

The Leishimanial database was organized in a manner that the data was normalized &

follows the Codd’s rules for relational databases.

6%



Results er Discussions
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5. RESULTS AND DISCUSSION:

5.1 COLLECTION OF DATA:

5.1.1 Literature data:

Scientific literature comprises scientific publications that report original
empirical and theoretical work in the natural and social sciences, and within a
scientific field is often abbreviated as the literature. Academic publishing is the
process of placing the results of one's research into the literature. Scientific research
on original work initially published in scientific journals is called primary literature.
Patents and technical reports, for minor research results and engineering and design
work (including computer software) can also be considered primary literature.
Secondary sources include articles in review journals (which provide a synthesis of
research articles on a topic to highlight advances and new lines of research), and
books for large projects, broad arguments, or compilations of articles.

Sources: The major sources for literature data in biological sciences include Pubmed,

Science direct,Agricola. The pubmed stores medline records that are well structured.

5.1.1.1 PubMed (www.ncbinlm.nih.gov): PubMed Central (PMC) is the U.S. National

Institutes of Health (NIH) free digital archive of biomedical and life sciences journal
literature. The PMC journal list comprises journals that deposit material in PMC on a
routine basis and generally make all their published articles available here. PMC also
has the author manuscripts of articles published by NIH-funded researchers in various
non-PMC journals. Increasing free access to these articles is the goal of the NIH
Public Access policy. Similar manuscripts from researchers funded by the Wellcome
Trust are available in PMC as well. PMC's utilities include an OAl service that
provides XML of the full-text of some articles, functions for scripting PMC searches.
It's about preservation and access: digitizing the complete run of back issues of many

of the journals in PMC



5.1.1.2 Agricola: AGRICOLA offers vital agricultural information from 1970 to the
present. It contains over 3.7 million citations 10 journal articles, monographs, theses,
patents, software, audio-visual materials, and technical reports related to agriculture.
These records describe publications and resources encompassing all aspects of
agriculture and allied disciplines, including animal and veterinary sciences,
entomology, plant sciences, forestry, aquaculture and fisheries, farming and farming
systems, agricultural economics and earth and environmental  sciences.
AGRICOLA serves as the document locator and bibliographic control system for the
NAL collection. The extensive file provides comprehensive coverage of newly
acquired worldwide publications in agriculture and refated fields. in two year spreads;

1970-Present and 1984-Present.
Literature data collected from the database:

TABLE 5.1 LITERATURE DATA

S.No SITE NUMBER
i PubMed 14556
2 Agricola 2765
L

5.1.2 Sequence data:
TABLE 5.2 SEQUENCE DATA

[ S.No Type NUMBER
1 EST 26794
2 Nucleotide sequence 88033
3 Protein sequence 56526
4 Gene sequence 26956
-
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5.2 Curation of literature data:

Abstarcts collected from Pubmed & Agricola were semi automatically curated
to extract relevant fields for incorporatioh into database. Data collected was parsed
into different categories like author, journal name, published date, abstract, keywords
and title respectively. Medline Abstract data format:

In Medline abstracts every discerning details about the articles are separated

according to various categories. Example of medline abstract format is given below:

*PMID- 19120250
OWN - NLM
STAT- MEDLINE
DA - 20090105
DCOM- 20090128
IS - 1749-6632 (Electronic)
Vi - 1149
DP - 2008 Dec
T1 - Serologic and molecular evaluation of Leishmania infantum in cats from Central
Spain.
PG -3614
¥AB - Infection by different Leishmantia spp. in cats has been reported in many
countries. In Spain, since the first Leishmania infection described in 1933,
sporadic clinica) cases in cats have been reported. Various serologic studies
performed in other areas of Spain have shown seroprevalences ranging between 1.7
and 60%. The aim of the present study was to determine the prevalence of
leishmaniasis in cats from Central Spain (Madrid), and to assess the existence of
associations between Leishmania infantum infection and relevant data obtained
from each cat. Two-hundred thirty-three cats attended at the Veterinary Teaching
Hospital in Madrid between September 2005 and Fune 2006 were tested for L.
infantum using the indirect immunotluorescent antibody (JFA) test (cutoff: 1:100)
and PCR. PCR testing was performed on the samples to detect Leishmania infection,
targeting the kinetoplast DNA (kDNA). Our results showed a seroprevalence of
1.29% (3/233) using IFA test. Another seven cals were also seroreactive io L.
infantum one dilution under the cutoff (1:30). Considering all the seroreactive
samples, the percentage of positive animals to L. infantum was 4.29%. Only one of
the cats (0.43%) included in the study was PCR-positive, Relative lymphocytosis
and an increase in alanine aminotransferase (ALT) value were statistically
associated with seroreactivity to L. infantum, Our results demonstrate the
presence of cats seroreactive to L. infantum in Ceniral Spain, an endemic area
for this disease in dogs.
. #ATY - College of Veterinary Medicine, Complutense University of Madrid. Madrid, Spain.
*FAU - Aylion, Tania
*AU - Ayllon T
*FAU - Tesouro. Miguel A
#AU - Tesouro MA
*F AU - Amusategul. Inmaculada
*AU - Amusategui [
=FAL - Villaescusa. Alejandra
#*PT - Journal Article
*PL - United States
*TA - AnnNY Acad Sa
*AID - 10.1196/2nnals. 1428.019 [doi]
30 - Ann N Y Acad Sci. 2008 Dec:1149:361-4.

* The fields extracted.



5.3 REMOVAL OF DUPLICATE DATA:
Journal articles relating to Leishmania and Leishinaniasis were coliected from

various web sites like PubMed, Agricola. The abstracts were carefully checked for
duplicates by searching for combination of title character length and year fields. A
perl script was used for this purpose.

5.4 CREATION OF DATABASE:

5.4.1 MICROSOFT ACCESS:

Incorporation Of Data Into Database: Parsed Data was loaded into different tables

like author, journal name, published date, abstract, keywords and title respectively.
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FIG 5.1 Database Tables Confaining Relevant Fields

After the parsed data is loaded in tables, common fields in tables must be related by
defining relationship between them.this important to create queries and forms and to

search the database.relationship among common fields in table was created as follows:

~1
[OF)

“



IR — ]
Apa el i SR
% 1D L-—\ S s}
JOURMAL \ / joumal namsa
ABSTRACT , pub daie
key_words \ — A { start page
\ R : R end pags
— v 0 ! yolume
title )
pub date : -
L
CU“F”"‘ __f
¢ 10
authay

adiress

o i

FIG 5.2 Relationship Among Tables

Form is a database object that must be created to enter, edit, or display data from a
table or a query.. Search buttons were created in forms to trigger searching the

database when the user clicks the button
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Fig 5.3 Search Form For The Database
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Results of the search will be shown in report format as follows:
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FIG 5.4 Example Report For Search
Thus a model literature search database was created in access.
5.4.2 Mysqgl:
WAMP (Windows-Apache-Mysgl-Php) tool was set up in the system. Wamp

server was started and was run in offline mode.
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Fig 3.5 Wamp Server
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Literature collected were grouped and loaded into mysql database using the Mysql

commands.

Enter passuord: : :
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FIG 5.6 Mysql Console Displaying Tables
Php scripts are needed to connect the mysql database to the web.Connection was

established between mysgl database and Php using wamp server.
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Fig 5.7 Phpmyadmin
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55 INCORPORATING BLAST TOOL:
Basic Local Alignment Search Tool (BLAST) was downloaded from NCBI and

was installed.

5.5.1 FORMATTING BLAST DATABASES:
Local blast databases were created using the formatdb commands.these databases

were used to search against the desired sequences.

5.5.2 Implementing blast server:
Network blast server was started and the created databases were used to find

hits against the desired sequences.
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Fig 5.8 Blast Server Running In Local Host With A Sample Database
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5.5.3 Blast resuit:

ve as follows,

b

The results of the blast search were displayed in a weg pa
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5.6 DEVELOPMENT OF ONLINE ACCESS WEB FRONT END:

Web page was designed for remote user to access Leishmanial database and it

was connected to database via Php scripts.

Hle Edt Yiew Higtory Bookmars Joob Help
© @ o Ay ([ wewlocshestem pages/Unitied SHl

P Mast Visited i Geting Stacted .- Latest Headlines

Fig 5.10 Front End For The Leishmanial Literature Database
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Summary € Conclusion
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SUMMARY AND CONCLUSION:

1.

The present study was carried out to address the need for a localized online
source for genetic and literature information on Leishmania and Leishmaniasis.
This need arose on account of the increasing incidences of Leishmaniasis in the
third world countries partly because of drug resistance and due to co-infection
during AIDS. Hence accelerated research is needed to address this important
disease. The relational model is the most preferred format to store and retrieve
biological information. Biological data is voluminous and diverse. The
database management systems used for the study included MS Access and the

open source MySQL.

. Literature data from public databases covering various aspects of

Ieishmantiasis was collected: Pubmed database (14550} and Agricola database
(2765).

. Sequence data related to Leishmania was also collected form NCBI databases:

EST (26794), Nucleotide (88033), Protein (56526}, and gene sequences
(26956).

The data was curated for extracting relevant fields and duplicate records were
removed.

The database was designed in MS Access and the proper relationships were
created between the tables.

Forms containing relevant search fields and the Reports were designed and the
database was tested and fine-tuned.

Scale-up of the database was carried out by designing the database in MySQL.
The sequence data collected were formatted as per the BLAST program
requirements. BLAST server was setup in the local host server and the
necessary configuration and database connections was carried out.

WAMP environments was created for making the database accessible online.
Web-front end was designed for the Leishmaniat database via the incorporation

of server-end PHP scripts.

St



A functional and searchable database containing Leishmanial sequences and

literature has been developed.

For further development of the database a dedicated web domain has to be created
and the database hosted in that domain to enable researchers from across the world
to access the data related to Leishmaniasis. Further functionality and collaboration

with researchers would lead to expansion of the utility of the database.
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