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LIST OF TERMS

Alignment
Representation of two or more protein or nucleotide sequences where homologous amino
acids or nucleotides are in the same columns while missing nucleotides area replaces with

gaps.

Amino Acid
The fundamental block of building proteins. There are 20 naturally occurring amino acids
in animals and around 100 more found only in plants.

Arabidopsis Thaliana

Known by its common name, thale cress, this mustard weed is a favorite organism for
plant genetics and molecular biology. It was the first plant with a complete genomic
sequence

Basepair (bp)
Any possible pairing between bases in opposing strands of DNA or RNA. Adenine pairs
with thymine in DNA or with uracil in RNA; and guanine pairs with cytosine.

Bioinformatics
The application of computational techniques to the management and analysis of
biological information.

BLAST

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

Complement
The complement of a DNA sequence is the sequence on the other strand. For example,
the complement of ACCCGT is TGGGCA.

DDBJ
DNA Data Bank of Japan.

DNA
Deoxyribonucleic acid; the genetic material of living things.

Drosophila melanogaster

The common fruit fly. This is one of the most famous organisms for genetic research and
was one of the first animals whose complete genomic sequence was determined.
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EBI
European Bioinformatics Institute. The European homologue of the NCBI in the US.

EMBL
European molecular biology laboratories. Maintain the EMBL database, one of the major
public sequence databases.

Ensembl Project
A European project devoted to the annotation of the human genome.

Entrez

The search and retrieval system that integrates information from the National Center for
Biotechnology (NCBI) databases. These databases include nucleotide sequences, protein
sequences, macromolecular structures, whole genomes, and MEDLIN, through PubMed.

E-value

Expectation value. Given a database and the score of a hit, the E-value tells you how
many times you could have expected such a result just by chance. In sequence analysis,
good E-values must be very low (around 10-5 or even lower).

Exons ‘
The protein-coding sequences DNA sequences of a gene.

Gene

The fundamental physical and functional unit of heredity. A gene is an ordered sequence
of nucleotides located in a particular position on a particular chromosome that encodes a
specific functional product (i.e. a protein or RNA molecule).

GeneBank

A population of organisms, each of which carries a DNA molecule that was inserted into
a cloning vector. Ideally, all of the cloned DNA molecules represent the entire genome of
another organism. Also called gene library, clone bank, bank library. This term is
sometimes also used to denote all of the vector molecules, each carrying a place of the
chromosomal DNA of an organism, prior to the insertion of these molecules into a
population of host cells.

Hit
Refers to a sequence similar to your query that you find while conduction a database
search.

Introns

The sequence of DNA bases that interrupts the protein coding sequence of a gene; these
sequences are transcribed into RNA but are edited out of the message before they are
translated into protein.
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Messenger RNA
An RNA molecule carrying the information that, during translation, specifies the amino
acid sequence of a protein molecule.

NCBI

National Center for Biotechnology Information. A component of the U.S. national
Institute of Health dedicated to bioinformatics research, software development, and the
service and maintenance of leading public resources such as the GenBank (sequences)
and PubMed (bibliography) databases. The United States’ homologue of the EBI in
Europe.

NIH
National Institute of Health (USA).

Non-coding Sequences
All sequence that do not encode protein. This includes introns, regulatory sequences (e.g.
MARs, LCRs, enhancers, promoters) and genomic repeats.

NR
The Non Redundant Protein database, which contains all the putative protein sequences
contained in the nucleotide databases. Its European equivalent is TrTEMBL.

Nucleotide

A subunit of DNA or RNA consisting of a nitrogenous base (adenine, guanine, thymine,
or cytosine in DNA; adenine, guanine, uracil, or cytosine in RNA), a phosphate molecule,
and a sugar molecule (deoxyribose in DNA and ribose in RNA). Thousands of
nucleotides are linked to form a DNA or RNA molecule.

Open Reading Frame

A series of DNA codons, including a 5’ initiation codon and a termination codon, that
encodes a putative or known gene. A part of a DNA sequences without Stop codons, thus
allowing the (putative or real) translation of a protein sequence.

PDB

Brookhaven Protein Data Bank. A database and format of files which describe the 3D
struc ture of a protein or nucleic acid, as determined by X-ray crystallography or
nuclear magnetic resonance (NMR) imaging. The molecules described by the files are
usually viewed locally by dedicated visualizing software, but can sometimes be
visualized on the world wide web.

PIR

Protein Information Resources. An annotated protein database similar to SWISSPROT.
PIR is also the name of a sequence format similar to FASTA.
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Polymorphism
Alternative forms of genes and other sequences. They are often constituted of punctual
mutations, similar to SNP.

Protein

A molecule composed of one or more chains of amino acids in a specific order; the order
is determined by the base sequence of the nucleotides in the gene coding for the protein.
Proteins are required for the structure, function and regulation of cells, tissues and organs,
each protein having a specific role (e.g. hormones, enzymes, antibodies)

Protein Database

Contains protein sequence data from the translated coding region from DNA sequences in
GeneBank, EMBL and DDBJ as well as protein sequences submitted to Protein
Information Resources (PIR), SwissProt, Protein Research foundation and Protein Data
Bank (PDB).

Protein Profile
A tool for visualizing a particular property (hydropathy, charge, local composition, and
so on) along a sequence by using a sliding windows technique.

PSI-BLAST

Position-Specific Iterative Blast. An iterative search using the BLAST algorithm. A
profile is built after the initial search, which is then used in subsequent searches. The
processes may be repeated, if desired with new sequences found in each cycle, used to
define the profile.

Query

Question asked when searching a database. If you make a similarity search, your query is
a sequence. If you use SRS or Entrez, your query is a keyword. More complicated queries
may involves several keywords, field restricted searches, and limits(such as dates).

RNA

A molecule chemically similar to DNA that plays a central role in protein synthesis. The
structure if RNA is similar to that of DNA but it is less stable. It is a poly nucleotide that
has Ribose Sugar and Uracil as one if its pyrimidines.

Similarity
Percent of similar amino acids in the alignment of two sequences. Two amino acids are
similar if they have physicochemical properties.

Six-Frame Translation

Translation of a stretch of DNA taking into account three forward translations and three
reverse translations, arising from the three possible reading frames of an uncharacteristic
stretch of DNA.

XV



SNP
Single Nucleotide Polymorphism. SMP’s are point mutations observed when comparing
different genomes of the same specie.

SRS
Sequence retrieval system. The system used at the EBI to search databases with
keywords. It is similar to Entrez at NCBI.

Strand
A linear series of nucleotides that are linked to each other by phosphodiester bonds.

SWISS-PROT
A non-redundant protein sequence database thoroughly annotated and crossed referenced.

Transcript |
An RNA molecule that has been synthesized from a specific DNA template.

Transcription
The process of RNA sequences that is catalyzed by RNA polymerase that uses a DNA
strands as a template.

Translation
The process if protein synthesis in which the amino acid sequence of a protein is
determined by mRNA mediated by tRNA molecules and carried out on ribosomes.

TrEMBL

Short for Translation EMBL, which contains all the putative protein sequences contained
in the nucleotide databases. Its U.S. equivalent is NR.
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CHAPTER 1

INTRODUCTION

“Bioinformatics is the study of information content and information flow in
biological systems and processes. It has evolved to serve as the bridge
between observations (data) in diverse biologically related disciplines and
the deviations of understanding (information) about how the systems or
processes function and subsequently the application (knowledge).”
-C.S.V. Murthy
In the emerging field of Bioinformatics it is become necessary to create various kinds of
information and database resources which store all kinds of data pertaining to the needs
of biologists, bioinformaticians, research scientists and students. There are many such
data resources that store various kinds of bioinformatics related data like sequence
information and whole genomes and also provide software tools for performing various
tasks such as comparing sequences, building phylogenetic trees, performing alignments
etc. which helps to simplify the work of biologists in handling and analyzing vast data.
Technologies such as genome-sequencing, microarrays, proteomics and structural
genomics have provided ‘parts lists’ for many living organisms, and researchers are now
focusing on how the individual components fit together to build systems. Thus, there is
an ongoing and growing need to collect, store and curate all this information in ways that
allow 1ts efficient retrieval and exploitation.
Also with the growth in the field of information technology, computer based tools
now play an increasingly critical role in the advancement of biological research. With the

advent of the World Wide Web and fast Internet connections, the data contained in the



databases and the many special-purpose tools and programs can be accessed quickly,
easily and cheaply from any location in the world. The Internet has become a tool of
critical importance to the biologist and scientist working in genomic and molecular
biology. Via this mode the scientist and the biologist all around the world can share their
findings, ideas and thoughts and thus, it has become a unifying force which helps to bind
the biological community. But in any growing field there is always a need for different
and new ideas.

This project aims to propose an innovative idea for data collection from Internet
resources. It is an automated system which retrieves the back-translated DNA sequence
given its corresponding protein sequence. The mechanism behind it involves connecting
to various online data web servers and retrieving the genomic DNA coding sequences, if
they are provided by the websites, or else connect to the TBLASTN program provided by
the NCBI-BLAST at the NCBI website, which compares a protein sequence with a
nucleotide database and obtains the back-translated DNA sequence. The protein
sequences for which the DNA sequences are determined are obtained from the SYSTERS
database which is a protein family database and performs large-scale protein clustering
based on sequence similarity. The program which performs this task of data gathering has
been coded using the PERL scripting language. PERL is favored by Bioinformaticians
because it has a very good at handling String Operations and Regular Expressions. One
of the most exciting things about being involved in computer programming and biology

is that both fields are rich in new techniques and results.



CHAPTER 2

DESCRIPTION OF TOOLS

2.1 NCBI-BLAST
The Basic Local Alignment Search Tool (BLAST) is a sophisticated software package, a
service of the National Center for Biotechnology Information (NCBI), which finds
regions of local similarity between sequences. The program compares nucleotide or
protein sequences to sequence databases and calculates the statistical significance of
matches. BLAST can be used to infer functional and evolutionary relationships between
sequences as well as help identify members of gene families.

BLAST is fast, reliable and flexible and can be adapted to many sequence
analysis scenarios. It comes in variations to help query different type of sequeﬁces
{nucleotides and proteins) against different databases. The different programs that come
under the BLAST family are blastn, blastp, blastx, tblastn and tblastx. Of all these
programs, the TBLASTN program has been used for the efficient retrieval of back-
translated DNA sequences as it compares a protein query sequence against a nucleotide
sequence database dynamically translated in all six reading frames. The QBlast’s URL
API has been used for the purpose of submitting requests to the TBLASTN program, the
description of which is given in the next section. The description of tblastn is as follows:

TBLASTN (Translating BLAST) is a program of the BLAST family of programs
and is described as “protein vs. translated database”. It is useful for finding protein
homologs in unannotated nucleotide data. TBLASTN identifies transcripts, potentially

from multiple organisms, similar to a given protein, mapping a protein to genomic DNA.



A TBLASTN search allows you to compare a protein sequence to the six-frame
translations of a nucleotide database. There are three reading frames on the (+) strand
also known as the direct strand and the other three reading frames are on the opposite
strand known as the reverse strand. Each of these six possible translations yields a
different protein. When tblastn compares a protein sequence with a DNA sequence it
does everything and automatically turns any DNA sequence into six proteins. This way,
TBLASTN takes care about the orientation or the frame of the DNA sequences in the
databases and always outputs the sequence in the right orientation.

It can, thus, be a very productive way of finding homologous protein coding
regions in unannotated nucleotide sequences such as expressed sequence tags (ESTs) and

draft genome records (HTG).

2.2 QBLAST

The QBLAST system is a queuing system implemented for both basic and advanced
BLAST which offers rapid reformatting of search results and enhances server
performance by reducing the connection time with each user. QBLAST is not a new
BLAST algorithm but it simply offers a modular approach that separates the search step
from the output formatting step.

Before QBLAST was implemented an output format had to be specified prior to
running a BLAST search. QBLAST saves the results under a Request ID number, which
is then used to retrieve them in the desired formats. For secure data retrieval, Request IDs

are unique numbers which are randomly generated and are not issued in sequential order.



Therefore, it is not possible for users to change any digit in their Request ID and receive
the results of another person’s search.

In order to initiate a search using the new QBLAST system a sequence query is
entered in the Search text area and the BLAST button is pressed. A Formatting page
reporting the Request ID and showing all the display options is then returned. At this
point, one can wait for the search to finish, or jot down the Request ID and use it to call
up the results later. In this way, one can view the results immediately by pressing the
format button and the results will be displayed as soon as the search is completed, or, one
can also view the results later by going to “Click here to retrieve results if you already
have a Request ID” and entering the Request ID number. The QBLAST system allows
the results of very big files to be stored for 30 minutes after which they are deleted.
However, most of the results obtained are stored in for 24 hours. The URL API which'has
been used to perform all the above mentioned functions has been described in detail
below.

The QBlast’s URL API is a standardized application program interface for
accessing the NCBI QBLAST system. It uses direct HTTP-encoded requests to NCBI
web server. These encoded requests are directed to the NCBI cgi-bin program:

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
In order to 1ssue an URLAPI command the program needs to:

e Make a connection to port 80 to NCBI web server. Using telnet in UNIX the
following command will have to be given

telnet www.ncbi.nlm.nih.gov 80



e And then send the following commands to the port:
o POST /blast/Blast.cgi HTTP/1.0
o User-Agent: Hi_there
o Connection: Keep-Alive
o Content-type: application/x-www-form-urlencoded
o CMD=Put&QUERY=555... etc
These commands are sent to the NCBI web server using PERL modules in the program.
All the examples stated below are given in PERL.
Searching the NCBI QBLAST system consists of two major steps.

e The first step is called "Put", and it puts the query sequence with the appropriate
search parameters into the QBLAST system.

e The second step is called "Get" and it formats the results with specified format
parameters.

Listed below is an example how the put and the get steps work in the QBLAST
system. For using the tblastn program to query the database for the back-translated DNA
sequence pertaining to a particular protein sequence against the ‘nr’ database which 1s the
default database for the tblastn program the put command for this part of the URL API
will be as follows.
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi”
CMD=Put&QUERY=8%protein_sequence&DATABASE=nr&HITLIST_SIZE=1&FILTE
R=L&PROGRAM=tblastn&SERVICE=plain

In the ‘url-encoded’ format the ‘?” means the start of a list of parameters, which

is followed by a list of name-pairs separated with ‘&’. “CMD=Put” means that a new

search is going to be put into the QBLAST system. The query parameter specifies the



sequence query that has to be sent to the QBLAST system. This parameter can take

values such as, accession numbers, gi(s) or sequences in FASTA format like

“QUERY=MEDASAGPPPVDDGEVPAAPADSSPLNDAPASSGAEPGDGGYDEGEP
LDNEQAGPADVEG”.

The database parameter specifies the database name that is to be searched for
against the input query sequence(s). The hitlist_size parameter specifies the number of
hits that need to be retained from the result set. It takes a valid integer as input value and
the default value for this parameter is 500. The next parameter that 1s the filter parameter
is to specify the sequence filter identifier. It takes the values “L” for Low Complexity,
“R” for Human Repeats and “m” for Mask for Lookup. There is no default value of this
parameter that is this parameter has to be explicitly mentioned and it is possible to
specify more than one filter in the URL request. The program parameter specifies.the
name of the blast program that is to be used. The values this parameter can take are
blastn, blastp, blastx, tblastn and tblastx. The next parameter that is the service parameter
specifies what type of blast service needs to be performed. The values taken by this
parameter are plain, psi, phi, rpsblast, megablast. The default value of this parameter is
plain.

The output of the ‘Put’ command will be a valid HTML page, the contents of
which may be ignored except the following important section:

<!--QBlastInfoBegin
RID =954517067-8610-1647

RTOE =207
QBlastInfoEnd
>

This portion of the output is special as it contains the Request Identifier (RID) and

the estimated Request Time of Execution in seconds (RTOE) for the search. The RID is



different for every search, and is a mandatory parameter for the next step which is
formatting the BLAST results.

In order to get the results for a given RID using the default format parameters the
following URL has to be used:

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?\
CMD=Get&RID=954517013-7639-11119&FORMAT TYPE=HTML&NCBI_Gl=yes

Where “CMD=Get” gets formatted results from the QBlast system which are
retrieved for the query in the put command. The rid parameter is a mandatory field for
the get command and specifies the request id of the request. The value of this parameter
should be a valid ID and every time a request is given a unique request ID gets generated.
The parameter format_type specifies the type of formatting that the result page would
have and be displayed in. The ncbi_gi parameter specifies if the NCBI Gene 1d should be
displayed or no.

If the search is not yet complete, this will produce output in the following format
with Status equal to "WAITING":
<1--QBlastInfoBegin
Status=WAITING
QBlastInfoEnd
>
If the results are completed, the output will show the formatted results with status
information like the following, with Status=READY:
<!--QBlastInfoBegin

Status=READY
QBlastInfoEnd

->
... <formated output here>



In order to use the QBlast system only one or two threads can be used to submit
jobs. A new job can only be submitted once the RID is got back from the server of the
previously submitted job. Initiating many threads at the same time could lead to the
flooding of the server and in this case the server may block access to the scripts trying to

do so.

2.3 Biological Databases
Biological databases are web sites that organize, store and disseminate files that contain
information consisting of literature references, nucleic acid sequences, protein sequences
and protein structures. To analyze sequence information is to assemble it into central and
shareable resources such as databases which effectively are a convenient and efficient
way of storing vast information. Some of the databases that are being extensively used

for the purpose ofthis project are mentioned below.

2.3.1 SYSTERS

SYSTEMatic Re-Searching (SYSTERS) is a huge online resource of protein families. It
uses a collection of graph-based algorithms to hierarchically partition a larger set of
protein sequences into homologous families, superfamilies and subfamilies annotated

with sequence information from various other resources.
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SYSTERS

superfamily

protein family

sequence

Figure 2.1 Hierarchy resulting from the SYSTERS procedure.

Clustering in SYSTERS is done in two ways. First, a single linkage tree is
constructed based on the pairwise E-values obtained from the database searches.
Superfamilies are derived from this tree based on a specific superfamily cutoff E-value
for every superfamily. Second, a superfamily distance graph is constructed for every
superfamily including only E-values equal to the superfamily cutoff. Splitting this graph
recursively at weighted minimal cut sites, results in a collection of protein families (also
called clusters).

The current SYSTERS cluster set which is SYSTERS release 4 contains 969,579
non-redundant sequences (and annotations of 1,168,542 redundant sequences) from the
sequence databases which are Swiss-Prot and TrEMBL and the complete genome
databases which are ENSEMBL (Anopheles gambiae, Caenorhabditis briggsae,
Caenorhabditis elegans, Drosophila melanogaster, Danio rerio, Fugu rubripes, Homo
sapiens, Mus musculus), The Arabidopsis Information Resource Database, SGD 1.e
Saccharomyces cerevisiae and GeneDB i.e. Schizosaccharomyces pombe. These

databases are sorted into 158,153 disjoint clusters.
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2.3.2 GenBank

GenBank is the DNA database from the National Center for Biotechnology Information
(NCBI); NCBI is a division of National Library of Medicines, located at National
Institutes of Health (NIH) in Bethesda, Maryland. It incorporates sequences from
publicly available sources, mainly from directed author submissions and large scale
sequencing projects. In order to help ensure comprehensive coverage the resource
exchanges data with both the European Molecular Biology Laboratory (EMBL) and
DNA Data Bank of Japan (DDBJ). NCBI maintains sequence information from every
organism, every source and all types of sequence related information such as DNA
sequences — from mRNA to cDNA clones to expressed sequence tags, high throughput
genome sequencing data and information about sequence polymorphisms.

As per the current statistics, there are approximately 59,750,386,305 ba,se:s n
54,584,635 sequence records in the traditional GenBank divisions and 63,183,065,091
bases in 12,465,546 sequence records in the WGS division as of February 2006.

In order to search a DNA sequence entry in the GenBank database, a text-based
query to search the annotations associated with that DNA sequence can be used or else a
search can also be performed by sequence analysis and database searching, BLAST, to

compare a query DNA or protein sequence to a sequence database.

2.3.3 UniProtKB/SwissProt and UniProtKB/TrEMBL

UniProtKB/Swiss-Prot is a curated protein sequence database which strives to provide a
high level of annotation (such as the description of the function of a protein, its domain
structure, post-translational modifications, variants, etc.), a mimimal level of redundancy

and high level of integration with other databases. Swiss-Prot was produced
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collaboratively by the department of Medical Biochemistry at the University of Geneva
and EMBL. However, over a period of time the collaboration moved to the Swiss
Institute of Bioinformatics (SIB) and the UniProtKB/Swiss-Prot database, as it 1s now
called, is now been maintained by the he UniProt Consortium, a collaboration between
SIB and the Department of Bioinformatics and Structural Biology of the Geneva
University, the European Bioinformatics Institute (EBI) and the Georgetown University
Medical Center's Protein Information Resource (PIR).

The UniProtKB/TrEMBL database was created as a computer-annotated
supplement of UniProtKB/Swiss-Prot that contains the translations of all coding
sequences present in DDBJ/EMBL/GenBank nucleotide sequence database and also
protein sequences extracted from the literature or submitted to UniProtKB/Swiss-Prot,
which are not yet integrated into UniProtKB/Swiss-Prot.

UniProtKB/Swiss-Prot provides cross-references to external data collections such
as DNA sequence entries in the DDBJ/EMBL/GenBank nucleotide sequence databases,
2D and 3D protein structure databases, various protein domain and family
characterization databases, posttranslational modification (PTM) databases, species-
specific data collections, variant databases and disease databases. UniProtKB/Swiss-Prot
is regularly enhanced in its content and format to adequately mirror new findings. It is
gradually being enhanced by the addition of a number of features that are specifically
intended for researchers working on human genetic diseases, such as, links to human gene

databases as well as to many gene-specific mutation databases.
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The UniProtKB/Swiss-Prot protein knowledgebase contains 215741 entries and
the UniProtKB/TrEMBL protein database contains 2737104 sequence entries comprising

880249930 amino acids.

2.3.4 SGD

The Saccharomyces Genome Database (SGD) project collects information and maintains
a database of the molecular biology of the yeast Saccharomyces cerevisiae. This database
includes a variety of genomic and biological information and is maintained and updated
by SGD curators. The SGD also maintains the S. cerevisiae Gene Name Registry, a
complete list of all gene names used in S. cerevisiae. The SGD is funded by the National
Human Genome Research Institute at the US National Institutes of Health. The SGD is in
the Department of Genetics at the School of Medicine, Stanford University. The wealth
of information describing the genes and proteins of S.cerevisiae has both necessitated and
made possible the creation of SGD's new Genome Snapshot, a constantly updated
overview of the genome. By making accessible lists of Uncharacterized ORFs, it points
researchers to some of the many intriguing questions that remain to be answered about
the yeast genome and biological processes. Finally, Genome Snapshot documents the
characterization of the genome, both by tracking annotation of ORFs to GO terms and by

tracking increases in the number of Verified ORFs.

2.3.5 EBI and EMBL
The European Bioinformatics Institute (EBI) was established in 1994 with its
headquarters in Heidelberg, Germany. It is a non-profit academic organization that forms

part of the European Molecular Biology Laboratory (EMBL). The EBI is a centre for



