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PREFACE

Bioinformatics is the combined application of computer science to solve bio-
logy-based problems. Massive amounts of raw biological data can be translated into 
insightful information with the help of computational methods. There is a need of 
development and application of data-analytical tools, theoretical methods, mathe-
matical modeling and software simulation techniques to explore biological systems. 
Hence, students of Computer Science stream must acquire knowledge on the basic 
principles of biology and biological data processing skills. 

In this regard, the Standard Operating Procedure (SOP) presents a collection of 
fourteen experiments that teach students how to access genome databank, perform 
sequence alignments, methods to predict primary, secondary and tertiary structure 
and to use protein visualization tools. The purpose of developing these laboratory 
procedures by us is to familiarize the Computer stream undergraduate students with 
practical skills necessary to process biological data. The Standard Operating Pro-
cedure for each exercise has been organized as aim of the experiment, materials 
required, principle and theory, Procedure, Expected observations and outcome, Con-
clusion and Interpretation.

The unique feature of this SOP is that it explains the principles and theory 
related to lab experiments in a clear manner. In other words, the standard operating 
procedure designed by us focus on improving student’s theoretical knowledge and 
experimental skills by motivating them to learning theory concepts through lab exer-
cises. The students going through this procedure will gain insights into the topics 
and methods of structural bioinformatics and genome analysis. This SOP provides a 
platform for the students to evaluate the different approaches, know their advanta-
ges and disadvantages as well as where to obtain and how to use them. 

In a step further, the reader who has gained deep insights in the lab exercises 
described in the Standard Operating Procedure will be able to develop standard algo-
rithms for their own purposes or even will create awareness on how to modify these 
algorithms for specific applications with prior knowledge on computing skills.

We would like to thank DBT Star College scheme and our management for pro-
viding support in bringing out this Standard Operating Procedure.





FOREWORD

In the current era, huge amount of biological data has been generated using 
genome sequencing, microarrays, proteomics and functional and structuralgenomics 
methodology, which promoted a new multidisciplinary approach bioinformatics. 
Sophisticated computer system theories and computing algorithms have motiva-
ted the researchers develop powerful tools for analyzing, predicting, understanding 
data from gene expression, drug design and otheremerging genomic and proteomic 
technologies.

In a broader sense, this dramatic shift transformed biology from a purely labo-
ratory-based science to an information science as well. The crucial step in this tran-
sformation is to train computer science scientists with the knowledge of biological 
data.This major challenge requires both vision and hard work; vision to set an appro-
priate agenda for the computational biologist of the future and hard work to develop 
a book which provides a base for understanding the biological data and the methods 
to process the same. 

Bioinformatics Standard Operating Procedures for Biological Sequence Analysis 
focuses on learning theoretical concepts and practical components throughwell defi-
ned procedures. This manual is specifically written for students and researchers 
of computer science background. All key areas of bioinformatics such as biological 
databases, sequence alignment of genes, prediction of protein structure and structu-
ral bioinformatics are covered in this Standard Operating Procedure (SOP).

This SOP can be praised as it provides a comprehensive and critical exami-
nation of the computational methods needed for analyzing DNA, RNA and protein 
data. This Standard Operating Procedure is a sophisticated learning resource for the 
students of computer science asit explains the concepts behind the biological infor-
mation and computational methods to solve the same. 

The authors of this Standard Operating Procedurehave taken great efforts 
to explain the principles of biological processing and presented the steps to carry 
out the exercises in an elaborate manner. The effective explanation on sequence 
analysis, in-depth and up-to-date coverage of all key topics in bioinformatics make 
this an ideal SOP for computer science students and for researchers to enrich their 
knowledge in bioinformatics.

Dr.P.Ponmurugan
Associate Professor, 

Department of Botany,
Bharathiar University, 

Coimbatore-46
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SOP-1
EXPLORATION OF RESOURCES AVAILABLE IN NCBI AND 

PUBMED

1. Aim of the experiment

To explore the resources available on NCBI and PUBMED

2. Materials required

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

The NCBI  database providing information on the structure of assembled geno-
mes, assembly names and other meta-data, statistical reports, and links to genomic 
sequence data. Of particular relevance to genome mapping is the Genomes Division of 
Entrez. Entrez provides integrated access to different types of data for over 600 orga-
nisms, including nucleotide sequences, protein sequences with structures, PubMed, 
MEDLINE and genomic mapping information. The NCBI Human Genome Map Viewer 
is a new tool that presents a graphical view of the available human genome sequence 
data as well as cytogenetic, genetic, physical, and radiation hybrid maps. The Map 
Viewer provides human genome sequence for finished contigs, BAC tiling path of 
finished and draft sequence, location of genes, STSs, and SNPs on finished and draft 
sequences; it is a useful tool for integrating maps and sequence.   

There are many other tools and databases at NCBI that are useful for gene 
mapping projects including BLAST, GeneMap’99, LocusLink, OMIM , dbSTS, dbSNP, 
dbEST, and UniGene databases.  The BLAST can be used to search DNA sequen-
ces for the presence of markers, to confirm and refine map localizations. LocusLink 
(Pruitt et al., 2000) presents information on official nomenclature, aliases, sequence 
accessions, phenotypes, EC numbers, MIM numbers, UniGene clusters, homology, 
map locations, and related Web sites. The dbSTS and dbEST databases themselves 
play a lesser role in human and mouse gene mapping endeavors as their relevant 
information has already been captured by other more detailed resources (LocusLink, 
GeneMap’99, UniGene, MGD, and eGenome) but are currently the primary source of 
genomic information for other organisms.

PubMed contains all of MEDLINE, as well as citations provided directly by the 
publishers. As such, PubMed contains more recent articles than MEDLINE, as well 
as articles that may never appear in MEDLINE because of their subject matter. This 
development led NCBI to introduce a new article identifier, called PubMed IDentifier 
(PMID). Articles appearing in MEDLINE will have both a PMID and an MUID. Articles 
appearing only in PubMed will have only a PMID. PMID serves the same purpose as 
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MUID in providing simple, reliable link to the citation, means of linking records toge-
ther and means of setting up hyperlinks. 

The PubMed citations and abstracts include the fields of biomedicine and 
health, covering portions of the life sciences, behavioral sciences, chemical sciences, 
and bioengineering. PubMed also provides access to additional relevant web sites 
and links to the other NCBI molecular biology resources. PubMed is a free resource 
that is developed and maintained by the National Center for Biotechnology Informa-
tion, at the U.S. National Library of Medicine (NLM), located at the National Institutes 
of Health (NIH). PubMed comprises more than 28 million citations for biomedical lite-
rature from MEDLINE, life science journals, and online books. Citations may include 
links to full-text content from PubMed Central and publisher web sites. A digital 
archive of full-text biomedical and life sciences journal literature, including clinical 
medicine and public health.

Publishers have also started to send information on ahead-of-print articles 
to PubMed, so this information may now appear before the printed journal. A new 
project, PubMed Central, is meant to allow electronic publication to occur in lieu of 
or ahead of publication in a traditional, printed journal. PubMed Central records 
contain the full text of the article, not just the abstract, and include all figures and 
references. 

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘resources from the home page
 Enter the database name (NCBI  & PUBMED)from the drop down list box
 Click the needed resources from the displayed list.
 Collect the information’s from the page
 Study the resources of NCBI and PUBMED
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5. Expected observations and results 

Fig. 1.1: NCBI homepage

Fig. 1.2: Dropdown list box showing available databases in NCBI
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Fig. 1.3: Description on list of resources available in NCBI

Fig. 1.4: Homepage of PUBMED data source 
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Fig. 1.5: Search output of PUBMED data source 

6. Conclusion and interpretation 

NCBI is a large collection of information related to biotechnology. Various data 
sources available in NCBI and PUBMED is been explored. 
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SOP-2
RETRIEVAL OF A GENBANK ENTRY

1. Aim of the experiment

To retrieve a nucleotide sequence of interest from Genbank entry with Specific 
accession number

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

GenBank is the NIH genetic sequence database, an annotated collection of all 
publicly available DNA sequences.  GenBank is part of the International Nucleotide 
Sequence Database Collaboration, which comprises the DNA Data Bank of Japan 
(DDBJ), the European Molecular Biology Laboratory (EMBL), and GenBank at NCBI. 
These three organizations exchange data on a daily basis.

A GenBank release occurs in every two months and is available from the FTP 
site. The release notes for the current version of GenBank provide detailed informa-
tion about the release and notifications of upcoming changes to GenBank. Release 
notes for previous GenBank releases are also available. GenBank growth statistics 
for both the traditional GenBank divisions and the WGS division are available from 
each release.

An annotated sample GenBank record for a Saccharomyces cerevisiae gene 
demonstrates many of the features of the GenBank flat file format.

There are several ways to search and retrieve data from GenBank.
Search GenBank for sequence identifiers and annotations with Entrez Nucle-

otide, which is divided into three divisions: CoreNucleotide (the main collection), 
dbEST (Expressed Sequence Tags), and dbGSS (Genome Survey Sequences).

Search and align GenBank sequences to a query sequence using BLAST (Basic 
Local Alignment Search Tool). BLAST searches CoreNucleotide, dbEST, and dbGSS 
independently.

Search, link, and download sequences programmatically using NCBI e-utilities.
The ASN.1 and flat file formats are available at NCBI’s anonymous FTP server: 

ftp://ftp.ncbi.nlm.nih.gov/ncbi-asn1 and ftp://ftp.ncbi. nlm.nih.gov/genbank.
The GenBank database is designed to provide and encourage access within 

the scientific community to the most up to date and comprehensive DNA sequence 
information. Therefore, NCBI places no restrictions on the use or distribution of the 
GenBank data. However, some submitters may claim patent, copyright, or other 
intellectual property rights in all or a portion of the data they have submitted. NCBI 
is not in a position to assess the validity of such claims and therefore cannot provide 
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comment or unrestricted permission concerning the use, copying or distribution of 
the information contained in GenBank.

4. Procedure

 Open the web browser and type the database address http://www.ncbi.nlm.
nih.gov/genbank/ in the address bar

 Type the query (i.e., the strain name for which the nucleotide sequence has to 
be retrieved) in the search bar

 Select the particular sequence that is required
 Select FASTA format in the display settings and click apply
 Copy the nucleotide sequence data in its FASTA format and paste it in the 

notepad.
 Save the notepad file
 Report the result

5. Expected observations and results 

Fig. 1: Homepage of GenBank
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Fig. 2: GenBank nucleotide sequence outputs for amylase gene

Fig. 3: GenBank nucleotide sequence entry for amylase mRNA Coding gene
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Fig. 4: Creating file of nucleotide sequence for amylase mRNA Coding 
gene in FASTA format from GenBank
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Fig. 5: Nucleotide sequence for amylase mRNA Coding gene in FASTA 
format

 

6. Conclusion and interpretation 

Nucleotide sequence of amylase mRNA Coding gene is been retrieved in FASTA 
format from GenBank data resource
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SOP-3
RETRIEVAL AND ANALYSIS OF GENE SEQUENCE 

“AF375082” IN FASTA FORMAT

1. Aim of the experiment

To retrieve and analyze the Coding sequence of the entry AF375082 in FASTA 
format  

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

Nucleotides are organic molecules that serve as the monomer units for forming 
the nucleic acid polymers De-oxy ribonucleic Acid (DNA) and Ribonucleic Acid (RNA), 
both of which are essential biomolecules within all life-forms on the Earth. Nucleo-
tides are the building blocks of nucleic acids. They are composed of three subunit 
molecules namely, nitrogenous base, five-carbon sugar (ribose or deoxyribose), and 
at least one phosphate group. A nucleoside is a nitrogenous base and a 5-carbon 
sugar. A nucleoside plus a phosphate group yields a nucleotide. Nucleotides play a 
central role in metabolism at cellular level. They carry packets of chemical energy in 
the form of Nucleotide Tri-Phosphate(NTP), Adenosine Tri-Phosphate (ATP), Guano-
sine Tri-Phosphate (GTP), CytidineTri-Phosphate (CTP) and Uridine Tri-Phosphate 
(UTP) throughout the cell to perform cellular functions that demand energy. The 
cellular functions include synthesizing amino acids, proteins, and cell membranes to 
move cell parts both internally, intercellular and for dividing the cells.  In addition, 
nucleotides participate in cell signaling and are incorporated into important cofac-
tors of enzymatic reactions.

The Coding region of a gene, also known as Coding Sequence, is that portion 
of a gene›s DNA or RNA that codes for protein. The region usually begins at the 5 
terminal end by a start codon and ends at the 3 terminal end with a stop codon. The 
sum total of the Coding regions of an organism’s genome is called exome. The Coding 
region in  mRNA is flanked by five prime untranslated regions(5’-UTR) and  three 
prime untranslated regions (3’-UTR).  The Coding Sequence is that portion of an 
mRNA transcript that is translated by a ribosome. The Coding Sequence is a keyword 
(feature-key) used to denote the ‘protein-Coding sequence’ in a gene feature table by 
the sequence database INSDC. They also read Coding Sequence as both Coding 
sequence and Coding region. While identification of open reading frames within a 
DNA sequence is straightforward, identifying Coding sequences is not, because the 
cell translates a subset of all open reading frames to proteins. Currently Coding 
Sequence prediction uses sampling and sequencing of mRNA from cells, although 
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there is still the problem of determining which parts of a given mRNA are actually 
translated to protein. Coding Sequence prediction is a subset of gene prediction, the 
latter also includes prediction of DNA sequences that code not only for protein but 
also for other functional elements such as RNA genes and regulatory sequences.

The National Center for Biotechnology Information (NCBI) is part of the Uni-
ted States National Library of Medicine (NLM), a branch of the National Institutes of 
Health (NIH). The NCBI houses a series of databases relevant to biotechnology and 
biomedicine and is an important resource for bioinformatics tools and services. Major 
databases include GenBank for DNA sequences and PubMed, a bibliographic data-
base for the biomedical literature. Other databases include the NCBI Epigenomics 
database. All these databases are available online through the Entrez search engine.

NCBI has had responsibility for making available the GenBank DNA sequence 
database since 1992. GenBank coordinates with individual laboratories and other 
sequence databases such as those of the European Molecular Biology Laboratory 
(EMBL) and the DNA Data Bank of Japan (DDBJ).

Since 1992, NCBI has grown to provide other databases in addition to GenBank. 
NCBI provides Gene, Online Mendelian Inheritance in Man, the Molecular Modeling 
Database (3D protein structures), dbSNP (a database of single-nucleotide polymorphi-
sms), the Reference Sequence Collection, a map of the human genome, and a taxo-
nomy browser, and coordinates with the National Cancer Institute to provide the 
Cancer Genome Anatomy Project. The NCBI assigns a unique identifier (taxonomy ID 
number) to each species of organism.

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the Nucleotide  Database from the dropdown list
 Enter “AF375082” in the query box and click search button
 The genetic entry of the sequence “AF375082” is displayed 
 Select coding sequence option from the “send to” dropdown menu and subse-

quently choose “FASTA Nucleotide” from format dropdown list box
 Click on “Create File” button to open the nucleotide sequence information in 

FASTA format in a notepad file 
 Save the notepad file
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5. Expected observations and results 

Fig. 1: Open NCBI Web resource and nucleotide database from the drop 
down list box

Fig. 2: In the search tab, type the entry as AF375082
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Fig. 3: GenBank format for AF375082 is displayed 

Fig. 4: Select coding sequence option from the send to drop down list 
box 
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Fig. 6: Coding sequence of the selected nucleotide sequence is stored in 
notepad

6. Conclusion and interpretation 

Thus the coding sequences of AF375082 is downloaded in FASTA format and 
saved in a notepad file
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SOP-4
FINDING THE OFFICIAL SYMBOL, ALIAS NAME, 

CHROMOSOME NUMBER AND ID FOR GENE USING NCBI

1. Aim of the experiment

To retrieve the official gene symbol, name, chromosome number, and its ID 
from the NCBI database

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

A gene is a small portion of DNA which is made up of four deoxiribo nucleo-
tides (A-adenine, C-cytosine, G-guanine, and T-thymine) and is the molecular unit 
of any biological structure or function of living organisms. Every gene has a unique 
sequence of deoxiribo nucleotides at a particular length. Transmission of genes from 
one organism to it’s offspring is the basis of the inheritance of phenotypic traits. 
Most of the biological characters / features / traits are under the influence of one or 
many genes (polygenes) with a minimum influence of gene-environment interactions 
as well. Some genetic traits are instantly visible, such as eye color, number of limbs, 
blood type and risk for specific diseases but most of the genetic traits are invisible as 
they are nothing but thousands of enzymes, hormones and other molecular factors, 
which determine the various biochemical processes of life. 

Genes evolve due to natural selection or survival of the fittest of the alleles in 
due course of time. Gene evolution is nothing but modification of DNA sequence at a 
single nucleotide to multiple sequence level. The change in gene sequence significan-
tly affects the particular biological character of the organism and in long term, that 
causes origin of new species. Hence the comparison of gene or nucleotide sequence 
helps not only to study the gene evolution but also to understand or predict the 
genotypic evolution. Sequence information of individual gene of various organisms 
are available various databases such as DNA Data Bank of Japan (DDBJ), European 
Molecular Biology Laboratory (EMBL), and GenBank at NCBI. FASTA format of those 
nucleotide sequences could be retrieved from NCBI resources at http://www.ncbi.
nlm.nih.gov/

The National Center for Biotechnology Information (NCBI) is part of the Uni-
ted States National Library of Medicine (NLM), a branch of the National Institutes 
of Health (NIH). The NCBI houses a series of databases relevant to biotechnology 
and biomedicine and is an important resource for bioinformatics tools and services. 
Major databases include GenBank for DNA sequences and PubMed, a bibliographic 
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database for the biomedical literature. Other databases include the NCBI Epigeno-
mics database. All these databases are available online through the Entrez search 
engine.

NCBI has had responsibility for making available the GenBank DNA sequence 
database since 1992. GenBank coordinates with individual laboratories and other 
sequence databases such as those of the European Molecular Biology Laboratory 
(EMBL) and the DNA Data Bank of Japan (DDBJ).

Since 1992, NCBI has grown to provide other databases in addition to GenBank. 
NCBI provides Gene, Online Mendelian Inheritance in Man, the Molecular Modeling 
Database (3D protein structures), dbSNP (a database of single-nucleotide polymorphi-
sms), the Reference Sequence Collection, a map of the human genome, and a taxo-
nomy browser, and coordinates with the National Cancer Institute to provide the 
Cancer Genome Anatomy Project. The NCBI assigns a unique identifier (taxonomy ID 
number) to each species of organism.

4. Procedure

 Open the web browser and type the database address http://www.ncbi.nlm.
nih.gov/gene/  in the address bar

 Type the gene name, for which the gene symbol has to be retrieved in the query 
box

 Select the sequence information which requires the official gene symbol, name, 
chromosome number and its ID 

 Gene symbol, name, chromosome number and its ID were obtained by clicking 
the official name of the selected gene

 Report the result
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5. Expected observations and results 

Fig. 1:  Open the gene resource from NCBI

Fig. 2: Enter the name of the required gene sequence in the query box
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Fig. 3: Retrieved gene symbol of Insulin gene

Fig. 4: Details of selected Insulin Gene
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Fig. 5: Chromosome details of selected Insulin Gene

6. Conclusion and interpretation 

Thus the official gene symbol, name, chromosome number, and its ID from the 
NCBI database has been retrieved
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SOP-5
RETRIEVAL AND ANALYSIS OF PROTEIN SEQUENCE 

FROM PROTEIN DATABASE

1. Aim of the experiment

To retrieve and analyze the protein sequence of a protein from the data base 
Protein Data Bank (PDB)

2. Materials required 

Computer with Internet Connectivity to access World Wide Web

3. Principle and Theory

Proteins are vast particles that our cells need to work appropriately. They com-
prise of amino acids. The structure and capacity of our body rely upon proteins, and 
the function of body cells, tissues, and organs can’t exist without them. Proteins are 
long chains of amino acids that frame the premise of all life. They resemble machines 
that make every single living thing, regardless of whether infections, microorgani-
sms, butterflies, jellyfish, plants, or human capacity. 

The human body is comprised of roughly 100 trillion cells. Every cell has 
distinctive proteins, which helps the cell to do a particular task. The proteins are 
small machines inside the cell. The primary elements of proteins in the body are used 
to fabricate, fortify and repair or replace things. For example, tissue. The essential 
structure of a protein alludes to the succession of amino acids in the polypeptide 
chain. The essential structure will be held together by peptide bonds that are made 
amid the procedure of protein biosynthesis. A polypeptide chain of a protein is flan-
ked with amino terminal (N-end) and carboxyl (C-end) group at the other end. 

The Protein Data Bank (PDB) is a crystallographic database for the three-
dimensional basic information of vast organic atoms, for example, proteins and 
nucleic acids. The PDB is a key asset in regions of basic science, for example, basic 
genomics. Most major logical diaries, and some financing organizations, now expect 
researchers to present their structure information to the PDB. The Protein Data Bank 
(http://www.pdb.org) is the overall store for three-dimensional auxiliary informa-
tion decided utilizing different exploratory techniques. The choices and techniques 
for seeking and downloading basic information from the Research Collaboratory for 
Structural Bioinformatics (RCSB). PDB are depicted alongside devices for surveying 
the nature of structures. 

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Protein’ Database from the dropdown list.
 Enter the protein name as ‘Hemmaglutinin’ in the search box.
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 Click the needed protein data from the displayed list.
 Click FASTA and observe the result of the selected protein.
 Store the result 

5. Expected observations and results 

Fig. 1: Protein database is selected from the NCBI web resource
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Fig. 2: In the search tab, type the name of the protein eg: Hemmaglutinin

Fig. 3: Sequence of the selected protein is displayed in FASTA format  

6. Conclusion and interpretation 

Thus, the Protein sequence is retrieved from Protein Data bank in FASTA for-
mat and analyzed 
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SOP-6
PRIMARY STRUCTURE ANALYSIS OF A PROTEIN

1. Aim of the experiment

To retrieve the structure of a protein from Protein Data Bank (PDB) database to 
analyse it s primary structure

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

Protein is one of the basic building blocks of the human body, making up about 
16 percent of our total body weight. Muscle, skin, and connective tissue are mainly 
made up of protein. Additionally, protein plays a major role in all of the cells and 
most of the fluids in our bodies. Many of your important chemicals like enzymes, hor-
mones, neurotransmitters, and even DNA are at least partially made up of protein. 
Although the human body is good at “recycling” protein, you use up protein constan-
tly, so it is important to continually replace it. The primary structure of a protein 
refers to the sequence of amino acids in the polypeptide chain. The primary structure 
is held together by peptide bonds that are made during the process of protein biosyn-
thesis. The primary structure of a protein is determined by the gene corresponding 
to the protein. A specific sequence of nucleotides in DNA is transcribed into mRNA, 
which is read by the ribosome in a process called translation.

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Protein’ Database from the dropdown list
 Enter the protein name as ‘Lectin’ in the search box
 Click the needed protein data from the displayed list
 Click FASTA and copy the format
 Open https://www.expasy.org/tools in new tab
 Click Portparam tool 
 Paste the sequence in the given box
 Click Compute parameters 
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5. Expected observations and results 

Fig. 1: Protein database is been selected from NCBI web resource

Fig. 2: In the search tab, type the name of the protein eg: Lectin
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Fig. 3: FASTA Format is displayed for the selected protein “Lectin”

Fig. 4: open expasy.org and select portparam tool
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Fig. 5: Paste the FASTA sequence in the given box and click compute 
parameters

Fig. 6: Parameter values were computed for the given sequence 

6. Conclusion and interpretation 

Thus, the primary protein structure is been retrieved and portparam tool is 
used to analyze the structure of the primary protein 
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SOP-7
SECONDARY STRUCTURE.ANALYSIS OF PROTEIN

1. Aim of the experiment

To retrieve and analyse the secondary structure of a protein from Protein Data 
Bank 

2. Material required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

Protein is one of the basic building blocks of the human body, making up about 
16 percent of our total body weight. Muscle, skin, and connective tissue are mainly 
made up of protein. Additionally, protein plays a major role in all of the cells and 
most of the fluids in our bodies. Many of your important chemicals like enzymes, hor-
mones, neurotransmitters, and even DNA are at least partially made up of protein. 
Although the human body is good at “recycling” protein, you use up protein constan-
tly, so it is important to continually replace it. Secondary structures are requested 
structures framed by inside hydrogen bonding between amino acid residues. The 
normal auxiliary structures are the α helix, the β strand and different circles and 
turns. More data is given beneath about optional structures. The next level of protein 
structure, secondary structure, refers to local folded structures that form within a 
polypeptide due to interactions between atoms of the backbone. The backbone just 
refers to the polypeptide chain apart from the R groups – so all we mean here is that 
secondary structure does not involve R group atoms. Both structures are held in 
shape by hydrogen bonds, which form between the carbonyl O of one amino acid and 
the amino H of another.

The Protein Data Bank (PDB) archive is the single worldwide repository of infor-
mation about the 3D structures of large biological molecules, including proteins and 
nucleic acids. These are the molecules of life that are found in all organisms inclu-
ding bacteria, yeast, plants, flies, other animals, and humans. Understanding the 
shape of a molecule deduce a structure’s role in human health and disease, and in 
drug development. The structures in the archive range from tiny proteins and bits of 
DNA to complex molecular machines like the ribosome.

The data, typically obtained by X-ray crystallography, NMR spectroscopy, or, 
increasingly, cryo-electron microscopy, and submitted by biologists and bioche-
mists from around the world, are freely accessible on the Internet via the websites 
of its member organizations. The PDB is a key in areas of structural biology, such 
as structural genomics. Most major scientific journals, and some funding agencies, 
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now require scientists to submit their structure data to the PDB. Many other databa-
ses use protein structures deposited in the PDB.

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Protein’ Database from the dropdown list
 Enter the protein name as ‘Lectin’ in the search box
 Click the needed protein data from the displayed list
 Click FASTA and copy the format
 Open https://www.expasy.org/tools in new tab
 Select GOR tool from Secondary Structure Prediction
 Paste the protein sequence in the given box and click SUBMIT button
 Observe and analyse the result

5. Expected observations and results 

Fig. 1: Open NCBI web resources and select protein database from the 
drop down list box
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Fig. 2: In the search tab, type the name of the protein eg: Lectin
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Fig. 3: FASTA Format is displayed for the selected protein “Lectin”
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Fig. 4:  Open expasy.org and select GOR tool and paste the FASTA 
sequence in the given box and click submit button

 

Fig. 5: Secondary structured details is generated for the selected protein 
using GOR tool is displayed 
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Fig. 6: Secondary Structure Parameter values is generated using GOR 
tools and displayed

6. Conclusion and interpretation 

Thus, the secondary protein structures is been retrieved and GOR tool was 
used to analyze and compute the value for the same.
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SOP-8
TERTIARY PROTEIN STRUCTURE ANALYSIS USING RASMOL

1. Aim of the experiment

To retrieve protein from Protein Data Bank database and to analyse the tertiary 
structure using RASMOL

2. Materials  required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

Proteins have a wide cluster of vital capacities in our bodies. They store amino 
acids, work as antibodies, go about as hormones, have basic capacities, transport 
essential particles and last however positively not minimum, proteins can go about 
as enzymes. There are numerous cases of each kind, yet everybody knows about no 
less than a couple of them. Probably the most widely recognized incorporate tran-
sport proteins, catalysts, hormones and basic proteins. Hemoglobin and myoglobin 
are cases of transport proteins and are in charge of oxygen transport, while pepsin is 
a compound that is basic for the processing of food. Hormones, for example, insulin, 
are proteins that keep up fundamental real capacities. Auxiliary proteins help hold 
us together. These incorporate connective tissues, for example, keratin and collagen. 
Obviously, a protein’s capacity and structure go as one. Amino acids shape auxiliary 
structures, for example, alpha helices, beta sheets, and arbitrary curls, which crease 
on themselves to frame the tertiary structure of the protein.

The Protein Data Bank (PDB) archive is the single worldwide repository of infor-
mation about the 3D structures of large biological molecules, including proteins and 
nucleic acids. These are the molecules of life that are found in all organisms inclu-
ding bacteria, yeast, plants, flies, other animals, and humans. Understanding the 
shape of a molecule deduce a structure’s role in human health and disease, and in 
drug development. The structures in the archive range from tiny proteins and bits of 
DNA to complex molecular machines like the ribosome.

The data, typically obtained by X-ray crystallography, NMR spectroscopy, or, 
increasingly, cryo-electron microscopy, and submitted by biologists and biochemists 
from around the world, are freely accessible on the Internet via the websites of its 
member organizations. The PDB is a key in areas of structural biology, such as 
structural genomics. Most major scientific journals, and some funding agencies, now 
require scientists to submit their structure data to the PDB. Many other databases 
use protein structures deposited in the PDB.

RasMol is a program for molecular graphics visualisation originally develo-
ped by Roger Sayle. RasMol is a computer program written for molecular graphics 
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visualization intended and used mainly to depict and explore biological macromole-
cule structures, such as those found in the Protein Data Bank.

4. Procedure 

• Open the web browser and go to web page www.rcsb.org
• In the search box give the protein name eg:casein kinase
• Select 2CSN from the displayed result
• From download files drop down, save the file in PDB format
• Click the offline tool Rasmol
• Open the saved PDB file from the file menu
• Tertiary structure of the protein will be displayed in wired frame display format
• In  Rasmol window, select ‘Select All’ option in Edit menu
• Select different options from Display menu and observe the protein structure.

5. Expected observations and results 

Fig. 1: PDB database is opened and visualize menu is selected
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Fig. 2: 2CSN casein kinase protein details is displayed

Fig. 3: Tertiary structure of the protein in wired frame format is displayed
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Fig. 4: Tertiary structure of the protein in Ball and Stick format is displayed

6. Conclusion and interpretation

Thus, the tertiary structure of the protein is displayed with the help of 
RASMOL tool
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SOP-9
MULTIPLE SEQUENCE ALIGNMENT BY USING CLUSTALW

1. Aim of the experiment

To perform a multiple sequence alignment of a protein Coding gene sequences 
belongs to few animal samples by following pair wise alignment strategy using clu-
stalW, a widely used online programme.  

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

A gene is a small portion of DNA which is made up of four deoxiribo nucleo-
tides (A-adenine, C-cytosine, G-guanine, and T-thymine) and is the molecular unit 
of any biological structure or function of living organisms. Every gene has a unique 
sequence of deoxiribo nucleotides at a particular length. Transmission of genes from 
one organism to it’s offspring is the basis of the inheritance of phenotypic traits. 
Most of the biological characters / features / traits are under the influence of one or 
many genes (polygenes) with a minimum influence of gene-environment interactions 
as well. Some genetic traits are instantly visible, such as eye color, number of limbs, 
blood type and risk for specific diseases but most of the genetic traits are invisible as 
they are nothing but thousands of enzymes, hormones and other molecular factors 
which determine the various biochemical processes of life. Genes evolve due to natu-
ral selection or survival of the fittest of the alleles in due course of time. Gene evolu-
tion is nothing but modification of DNA sequence at a single nucleotide to multiple 
sequence level. The change in gene sequence significantly affects the particular bio-
logical character of the organism and in long term, that causes origin of new species. 
Hence the comparison of gene or nucleotide sequence helps not only to study the 
gene evolution but also to understand or predict the genotypic evolution. Sequence 
information of individual gene of various organisms are available various databases 
such as DNA Data Bank of Japan (DDBJ), European Molecular Biology Laboratory 
(EMBL), and GenBank at NCBI. FASTA format of those nucleotide sequences could 
be retrieved from NCBI resources at http://www.ncbi.nlm.nih.gov/. 
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Clustal is a series of widely used computer programs used in Bioinformatics for 
multiple sequence alignment. There have been many incarnations of Clustals such 
as ClustalV, ClustalX and ClustalW for the comparison of sequences and alignment 
based on a phylogenetic tree. The name ‘Clustal, was coined due the earlier usage 
of ‘UPGMA cluster analysis of the pairwise alignments’ for the construction of guide 
trees. Clustal alignment of sequences follow a pairwise alignment, create a guide tree 
and carry out a multiple alignment. 

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Nucleotide’ Database and enter ‘Amylase’ in the search box
 Choose further filter options such as ‘Animals’ under species category and 

‘mRNA’ under molecular type category
 Type any animal name of your choice such as Human, Rat, Rabbit, Cow, Goat, 

Tiger, Elephant, Deer, etc., in the query box one by one along with amylase and 
click the search button

 Select the sequence of interest from the search outputs by clicking the specific 
check box

 Click ‘FASTA’ for retrieving the sequence format in the display settings and 
click apply

 Click the dropdown box ‘send’ to proceed for downloading options
 Choose the destination as ‘File’ and the download format as ‘FASTA’ followed by 

clicking the ‘Create File’ button 
 Open the file or save the file as ‘notepad file’
 Similarly the amylase mRNA Coding DNA sequences of various animals are 

retrieved and saved as separate notepad files
 Later, create a new notepad file and paste all the sequences one after another 

in FASTA format and save it for further multiple sequence alignment
 Open the web browser and type ‘http://www.genome.jp/tools-bin/clustalw’
 Select ‘DNA’ from the check box under the title ‘Enter your sequences’
 Now, copy and paste all the amylase gene sequences of various animals one 

after another in the query box
 Otherwise, upload the previously saved file which has all the amylase sequen-

ces in FASTA format and submit for multiple sequence alignment
 Sequence alignment – ClustalW results will be appeared within few seconds 

after execution
 Choose ‘Rooted phylogenetic tree with branch length (UPGMA)’ in the dropdown 

box and press ‘Exec’ button to obtain phylogenetic tree
 ‘Phylogenetic tree’ will be displayed in a new tab
 Report the results
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5. Expected observations and results 

Fig. 1: About 991 search outputs obtained while searching with ‘Amylase’ 
in ‘Human’ under the ‘nucleotide’ datasets in the NCBI resources with 
data minimization filters such as animals (Species type) and mRNA 
(Molecular types).

Fig. 2: FASTA format of Human pancreatic amylase (amy2A) mRNA gene 
sequence was retrieved using the send dropdown box by choosing the 
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destination as ‘File’ and the download format as ‘FASTA’ followed by 
clicking the ‘Create File’ button

Fig. 3: Query window of CLUSTALW, chosen with CLUSTAL as output 
format and query box filled with amylase gene sequences belong to 
twelve different animals
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Fig. 4: ClustalW multiple sequence alignment result window

Fig. 5: Rooted phylogenetic tree with branch length (UPGMA) shows the 
evolutionary significance of twelve different animals with respect to 
their amylase enzyme Coding Gene sequences retrieved from GenBank 
entry. 
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6. Conclusion and interpretation 

Thus, the amylase enzymic protein Coding gene sequences belong to twelve 
different animals were retrieved in FASTA format and further subjected to multiple 
sequence alignment using ClustalW. Evolutionary relationship among those twelve 
different animals were predicted by the construction of phylogenetic tree (UPGMA) 
with respect to amylase gene sequence.
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SOP-10
PAIR WISE AND MULTIPLE SEQUENCE ALIGNMENT USING 

BLAST

1. Aim of the experiment

To perform pair wise and multiple sequence alignment for protein Coding gene 
sequence that belongs to few animal samples by using BLAST 

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory 

A gene is a small portion of DNA which is made up of four deoxiribo nucleo-
tides (A-adenine, C-cytosine, G-guanine, and T-thymine) and is the molecular unit 
of any biological structure or function of living organisms. Every gene has a unique 
sequence of deoxiribo nucleotides at a particular length. Transmission of genes from 
one organism to it’s offspring is the basis of the inheritance of phenotypic traits. 
Most of the biological characters / features / traits are under the influence of one or 
many genes (polygenes) with a minimum influence of gene-environment interactions 
as well. Some genetic traits are instantly visible, such as eye color, number of limbs, 
blood type and risk for specific diseases but most of the genetic traits are invisible as 
they are nothing but thousands of enzymes, hormones and other molecular factors 
which determine the various biochemical processes of life. Genes evolve due to natu-
ral selection or survival of the fittest of the alleles in due course of time. 

Gene evolution is nothing but modification of DNA sequence at a single nucle-
otide to multiple sequence level. The change in gene sequence significantly affects 
the particular biological character of the organism and in long term, that causes 
origin of new species. Hence the comparison of gene or nucleotide sequence helps 
not only to study the gene evolution but also to understand or predict the genotypic 
evolution. Sequence information of individual gene of various organisms are available 
various databases such as DNA Data Bank of Japan (DDBJ), European Molecular 
Biology Laboratory (EMBL), and GenBank at NCBI. FASTA format of those nucleotide 
sequences could be retrieved from NCBI resources at http://www.ncbi.nlm.nih.gov/. 

The Basic Local Alignment Search Tool (BLAST) finds regions of local simila-
rity between sequences. The program compares nucleotide or protein sequences to 
sequence databases and calculates the statistical significance of matches. BLAST is 
used to infer functional and evolutionary relationships between sequences as well 
as help to identify members of gene families. There have been many incarnations of 
Blasts such as BlastN and BlastX for the comparison of sequences and find the simi-
larity. BLAST alignment of sequences follows a pairwise alignment, create a Graph 
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and carry out a multiple alignment. BLAST will identify the sequences which have 
maximum identity and similarity.

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Nucleotide’ Database and enter ‘Amylase’ in the search box
 Choose further filter options such as ‘Animals’ under species category and 

‘mRNA’ under molecular type category.
 Type any animal name of your choice such as Human, Rat, Rabbit, Cow, Goat, 

Tiger, Elephant, Deer, etc., in the query box one by one along with amylase and 
click the search button.

 Select the sequence of interest from the search outputs by clicking the specific 
check box.

 Click ‘FASTA’ for retrieving the sequence format in the display settings and 
click apply.

 Click the dropdown box ‘send’ to proceed for downloading options.
 Choose the destination as ‘File’ and the download format as ‘FASTA’ followed by 

clicking the ‘Create File’ button 
 Open the file or save the file as ‘notepad file’.
 Similarly the amylase mRNA Coding DNA sequences of various animals are 

retrieved and saved as separate notepad files
 Later, create a new notepad file and paste all the sequences one after another 

in FASTA  format and save it for further multiple sequence alignment.
 Open the web browser and type ‘http://www.genome.jp/tools-bin/clustalw’
 Select ‘DNA’ from the check box under the title ‘Enter your sequences’
 Now, copy and paste all the amylase gene sequences of various animals one 

after another in the query box
 Otherwise, upload the previously saved file which has all the amylase sequen-

ces in FASTA format and submit for multiple sequence alignment.
 Click Begin search option so that the page containing the organism’s ID and 

other details are displayed
 Click view reports and the sequences similar to the given sequence of interest 

are displayed

 Report the sequences which have maximum identity and similarity
 Report the results

5. Expected observations and results 

Fig. 1: About 991 search outputs obtained while searching with ‘Amylase’ 
in ‘Human’ under the ‘nucleotide’ datasets in the NCBI resources with 
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data minimization filters such as animals (Species type) and mRNA 
(Molecular types).
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Fig. 2: FASTA format of Human pancreatic amylase (amy2A) mRNA gene 
sequence was retrieved using the send dropdown box by choosing the 
destination as ‘File’ and the download format as ‘FASTA’ followed by 
clicking the ‘Create File’ button

Fig. 3: Query window of BLAST, chosen with BLAST as output format 
and query box filled with amylase gene sequences
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Fig. 4: BLAST multiple sequence alignment result window is displayed
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Fig. 5: Information regarding the similarity searches for a nucleotide 
sequence, the similar sequences were retrieved and the % gap, %identity 
and the expected value for the sequences were known.

6. Conclusion and interpretation 

Thus, the amylase enzymic protein Coding gene sequences belong to twelve 
different animals were retrieved in FASTA format and further subjected to multiple 
sequence alignment using Blast. The similar sequences were retrieved and the % 
gap, %identity and the expected value for the sequences were known.



STANDARD OPERATING PROCEDURES FOR BIOLOGICAL SEQUENCE ANALYSIS 

Department of Computer Science 55

SOP-11
ALIGNMENT OF TWO SEQUENCES AND DETERMINATION 

OF PAM SCORING MATRIX

1. Aim of the experiment

To align two different sequences and find the PAM scoring Matrix using the 
widely used online tool Fold and Function Assignment System (FFAS)

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

A gene is a small portion of DNA which is made up of four deoxi ribo nucleo-
tides (A-adenine, C-cytosine, G-guanine, and T-thymine) and is the molecular unit 
of any biological structure or function of living organisms. Every gene has a unique 
sequence of deoxiribo nucleotides at a particular length. Transmission of genes from 
one organism to it’s offspring is the basis of the inheritance of phenotypic traits. 
Most of the biological characters / features/ traits are under the influence of one or 
many genes (polygenes)with a minimum influence of gene-environment interactions 
as well. Some genetic traits are instantly visible eye color, number of limbs, blood 
type and risk for specific diseases but most of the genetic traits are invisible as they 
are nothing but thousands of enzymes, hormones and other molecular factors which 
determine the various biochemical processes of life.

Genes evolve due to natural selection or survival of the fittest of the alleles in 
due course of time. Gene evolution is nothing but modification of DNA sequence at a 
single nucleotide to multiple sequence level. The change in gene sequence significan-
tly affects the particular biological character of the organism and in long term, that 
causes origin of new species. Hence the comparison of gene or nucleotide sequence 
helps not only to study the gene evolution but also to understand or predict the 
genotypic evolution. Sequence information of individual gene of various organisms 
are available variousdatabases such as DNA DataBank of Japan (DDBJ), European 
Molecular Biology Laboratory (EMBL), and GenBank at NCBI. FASTA format of those 
nucleotide sequences could be retrieved from NCBI resources at http://www.ncbi.
nlm.nih.gov/.
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During protein evolution, amino acid sequences generally change faster than 
three dimensional structures. Evolutionarily related proteins almost always have 
similar structures, and hence to predict the structure of a protein it is very useful 
to identify proteins with similar amino acid sequences whose structures are known. 
The sequence of the protein of interest can then be “threaded” onto the known struc-
ture, which is referred to as the template and it is done by Fold and Function Assi-
gnment System(FFAS) tool. Through a series of tabs, users can navigate multiple 
results pages, and also includes novel functionality, such as a dotplot graph viewer, 
modeling tools, an improved 3D alignment viewer and links to the database of struc-
tural similarities.

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Nucleotide’ Database and enter ‘Amylase’ in the search box
 Choose further filter options such as ‘Animals’ under species category and 

‘mRNA’ under molecular type category
 Type any animal name of your choice such as Human, Rat, Rabbit, Cow, Goat, 

Tiger, Elephant, Deer, etc., in the query box one by one along with amylase and 
click the search button

 Select the sequence of interest from the search outputs by clicking the specific 
check box

 Click ‘FASTA’ for retrieving the sequence format in the display settings and 
click apply

 Click the dropdown box ‘send’ to proceed for downloading options
 Choose the destination as ‘File’ and the download format as ‘FASTA’ followed by 

clicking the ‘Create File’ button 
 Open the file or save the file as ‘notepad file’
 Similarly the amylase mRNA Coding DNA sequences of various animals are 

retrieved and saved as separate notepad files 
 Later, create a new notepad file and paste all the sequences one after another 

in FASTA format and save it for further multiple sequence alignment
 Open the web browser and type www.ffas.ycrf.edu in the address bar
 Open the pair wise alignment link in the home page of FFAS
 Paste the queries in fasta format in two different dialogue boxes
 Click on align two sequence
 Report the results
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5. Expected observations and results 

Fig. 1: About 991 search outputs obtained while searching with ‘Amylase’ 
in ‘Human’ under the ‘nucleotide’ datasets in the NCBI resources with 
data minimization filters such as animals (Species type) and mRNA 
(Molecular types).

Fig. 2: FASTA format of Human pancreatic amylase (amy2A) mRNA gene 
sequence was retrieved using the send dropdown box by choosing the 
destination as ‘File’ and the download format as ‘FASTA’ followed by 
clicking the ‘Create File’ button
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Fig. 3: Query window of FFAS, chosen with FFAS as output format and 
query box filled with amylase gene sequences.
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Fig. 4: FFAS multiple sequence alignment result window
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Fig. 5: Information regarding the similarity searches for a nucleotide 
sequence, the similar sequences were retrieved and the % gap, %identity 
and the expected value for the sequences displayed

6. Conclusion and interpretation 

Thus, the two sequences is been retrieved in FASTA format and aligned pair 
wise using fold and function assignment system. The % gap, %identity and the 
expected value for the sequences were predicted and displayed 
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SOP-12
ALIGNMENT OF TWO SEQUENCES AND DETERMINATION 

OF BLOSUM SCORING MATRIX

1. Aim of the experiment

To perform sequence alignment of protein Coding gene sequences and to find 
the BLOSUM scoring matrix using online tools

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

A gene is a small portion of DNA is made up of four deoxiribo nucleotides 
(A-adenine, C-cytosine, G-guanine, and T-thymine) and is the molecular unit of 
any biological structure or function of living organisms. Every gene has a unique 
sequence of deoxiribo nucleotides at a particular length. Transmission of genes from 
one organism to it’s offspring is the basis of the inheritance of phenotypic traits. 
Most of the biological characters / features / traits are under the influence of one or 
many genes (polygenes) with a minimum influence of gene-environment interactions 
as well. Some genetic traits are instantly visible, eye color, number of limbs, blood 
type and risk for specific diseases but most of the genetic traits are invisible as they 
are nothing but thousands of enzymes, hormones and other molecular factors which 
determine the various biochemical processes of life. 

Genes evolve due to natural selection or survival of the fittest of the alleles in 
due course of time. Gene evolution is nothing but modification of DNA sequence at a 
single nucleotide to multiple sequence level. The change in gene sequence significan-
tly affects the particular biological character of the organism and in long term, that 
causes origin of new species. Hence the comparison of gene or nucleotide sequence 
helps not only to study the gene evolution but also to understand or predict the 
genotypic evolution. Sequence information of individual gene of various organisms 
are available various databases such as DNA Data Bank of Japan (DDBJ), European 
Molecular Biology Laboratory (EMBL), and GenBank at NCBI. FASTA format of those 
nucleotide sequences could be retrieved from NCBI resources at http://www.ncbi.
nlm.nih.gov/. 

In bioinformatics, the BLOSUM (BLOcks SUbstitution Matrix) matrix is a sub-
stitution matrix used for sequence alignment of proteins. BLOSUM matrices are used 
to score alignments between evolutionarily divergent protein sequences. They are 
based on local alignments. Blosum alignment of sequences follow a pairwise ali-
gnment, create a guide tree and carry out a multiple alignment. 
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4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Nucleotide’ Database and enter ‘Amylase’ in the search box
 Choose further filter options such as ‘Animals’ under species category and 

‘mRNA’ under molecular type category.
 Type any animal name of your choice such as Human, Rat, Rabbit, Cow, Goat, 

Tiger, Elephant, Deer, etc., in the query box one by one along with amylase and 
click the search button.

 Select the sequence of interest from the search outputs by clicking the specific 
check box.

 Click ‘FASTA’ for retrieving the sequence format in the display settings and 
click apply.

 Click the dropdown box ‘send’ to proceed for downloading options.
 Choose the destination as ‘File’ and the download format as ‘FASTA’ followed by 

clicking the ‘Create File’ button 
 Open the file or save the file as ‘notepad file’.
 Similarly the amylase mRNA Coding DNA sequences of various animals are 

retrieved and saved as separate notepad files. 
 Later, create a new notepad file and paste all the sequences one after another 

in FASTA format and save it for further multiple sequence alignment.
 Open the web browser and type ‘http://www.genome.jp/tools-bin/clustalw’
 Select ‘DNA’ from the check box under the title ‘Enter your sequences’
 Now, copy and paste all the amylase gene sequences of various animals one 

after another in the query box.
 Otherwise, upload the previously saved file which has all the amylase sequen-

ces in FASTA format and submit for multiple sequence alignment.
 Multiple Sequence alignment – BLOcks SUbstitution Matrix results will be 

appeared within few seconds after execution.
 Choose ‘Rooted phylogenetic tree with branch length (UPGMA)’ in the dropdown 

box and press ‘Exec’ button to obtain phylogenetic tree.
 ‘Phylogenetic tree’ will be displayed in a new tab
 Report the results.

5. Expected observations and results 

Fig. 1: About 991 search outputs obtained while searching with ‘Amylase’ 
in ‘Human’ under the ‘nucleotide’ datasets in the NCBI resources with 
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data minimization filters such as animals (Species type) and mRNA 
(Molecular types).
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Fig. 2: FASTA format of Rat amylase (amy2A) mRNA gene sequence was 
retrieved using the send dropdown box by choosing the destination 
as ‘File’ and the download format as ‘FASTA’ followed by clicking the 
‘Create File’ button

Fig. 3: Query window of Blosum, chosen with BLOSUM Matrix as output 
format and query box filled with amylase gene sequences belong to 
twelve different animals
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Fig. 4: Blosum multiple sequence alignment result window
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Fig. 5: Rooted phylogenetic tree with branch length (UPGMA) shows the 
evolutionary significance of twelve different animals with respect to 
their amylase enzyme Coding Gene sequences retrieved from GenBank 
entry. 

6. Conclusion and interpretation 

Thus, the amylase enzymic protein Coding gene sequences belong to twelve 
different animals were retrieved in FASTA format and further subjected to multiple 
sequence alignment using Blosum. Evolutionary relationships among those twelve 
different animals were predicted by the construction of phylogenetic tree (UPGMA) 
with respect to amylase gene sequence.
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SOP-13
SIMILARITY SEARCH USING BLAST AND INTERPRETATION 

OF RESULTS

1. Aim of the experiment

To search the similar sequence of given query using Basic Local Alignment 
Search Tool, widely used online programme.  

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

A gene is a small portion of DNA which is made up of four deoxiribo nucleo-
tides (A-adenine, C-cytosine, G-guanine, and T-thymine) and is the molecular unit 
of any biological structure or function of living organisms. Every gene has a unique 
sequence of deoxiribo nucleotides at a particular length. Transmission of genes from 
one organism to it’s offspring is the basis of the inheritance of phenotypic traits. 
Most of the biological characters / features/ traits are under the influence of one or 
many genes (polygenes)with a minimum influence of gene-environment interactions 
as well. Some genetic traits are instantly visible, such as eye color, number of limbs, 
blood type and risk for specific diseases but most of the genetic traits are invisible as 
they are nothing but thousands of enzymes, hormones and other molecular factors 
which determine the various biochemical processes of life.Genes evolve due to natu-
ral selection or survival of the fittest of the alleles in due course of time. Gene evolu-
tion is nothing but modification of DNA sequence at a single nucleotide to multiple 
sequence level. The change in gene sequence significantly affects the particular bio-
logical character of the organism and in long term, that causes origin of new species. 
Hence the comparison of gene or nucleotide sequence helps not only to study the 
gene evolution but also to understand or predict the genotypic evolution. Sequence 
information of individual gene of various organisms are available various databases 
such as DNA Data Bank of Japan (DDBJ), European Molecular Biology Laboratory 
(EMBL), and GenBank at NCBI. FASTA format of those nucleotide sequences could 
be retrieved from NCBI resources at http://www.ncbi.nlm.nih.gov/.

The Basic Local Alignment Search Tool (BLAST) finds regions of local simila-
rity 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 to identify members of gene families.There have been many incarna-
tions of Blasts such as BlastN and BlastX for the comparison of sequences and find 
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the similarity. BLAST alignment of sequences follows a pairwise alignment, create a 
Graph and carry out a multiple alignment. BLAST will identify the sequences which 
have maximum identity and similarity.

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Nucleotide’ Database and enter ‘Amylase’ in the search box
 Choose further filter options such as ‘Animals’ under species category and 

‘mRNA’ under molecular type category.
 Type any animal name of your choice such as Human, Rat, Rabbit, Cow, Goat, 

Tiger, Elephant, Deer, etc., in the query box one by one along with amylase and 
click the search button.

 Select the sequence of interest from the search outputs by clicking the specific 
check box.

 Click ‘FASTA’ for retrieving the sequence format in the display settings and 
click apply.

 Click the dropdown box ‘send’ to proceed for downloading options.
 Choose the destination as ‘File’ and the download format as ‘FASTA’ followed by 

clicking the ‘Create File’ button 
 Open the file or save the file as ‘notepad file’.
 Similarly the amylase mRNA Coding DNA sequences of various animals are 

retrieved and saved as separate notepad files. 
 Later, create a new notepad file and paste all the sequences one after another 

in FASTA format and save it for further multiple sequence alignment.
 Open the web browser and type ‘http://www.genome.jp/tools-bin/clustalw’
 Select ‘DNA’ from the check box under the title ‘Enter your sequences’
 Now, copy and paste all the amylase gene sequences of various animals one 

after another in the query box.
 Otherwise, upload thepreviously saved file which has all the amylase sequen-

ces in FASTA format and submit for multiplesequencealignment.
 Click Begin search option so that the page containing the organism’s ID and 

other details are displayed.
 Click view reports and the sequences similar to the given sequence of interest 

are displayed.
 Report the sequences which have maximum identity and similarity
 Report the results.
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5. Expected observations and results 

Fig. 1: About 991 search outputs obtained while searching with ‘Amylase’ 
in ‘Human’ under the ‘nucleotide’ datasets in the NCBI resources with 
data minimization filters such as animals (Species type) and mRNA 
(Molecular types).
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Fig. 2: FASTA format of Human pancreatic amylase (amy2A) mRNA gene 
sequence was retrieved using the send dropdown box by choosing the 
destination as ‘File’ and the download format as ‘FASTA’ followed by 
clicking the ‘Create File’ button

Fig. 3: Query window of BLAST, chosen with BLAST as output format 
and query box filled with amylase gene sequences.
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Fig. 4: BLAST multiple sequence alignment result window

Fig. 5: Information regarding the similarity searches for a nucleotide 
sequence, the similar sequences were retrieved and the % gap, %identity 
and the expected value for the sequences were known.
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Fig. 5: Retrieved similar sequences

6. Conclusion and interpretation 

Thus the amylase enzyme protein Coding gene sequences belonging to twelve 
different animals were retrieved in FASTA format and similarity among the sequences 
were identified using parameters % gap, %identity were determined.
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SOP-14
CONVERSION OF GENE SEQUENCE INTO ITS 
CORRESPONDING AMINO ACID SEQUENCE

1. Aim of the experiment

To convert the gene sequence into its corresponding amino acid sequences and 
to use the expasy tool to translate the DNA sequence into Protein sequence.

2. Materials required 

Computer with internet connectivity to access World Wide Web

3. Principle and Theory

A gene is a small portion of DNA made up of four deoxiribo nucleotides (A-ade-
nine, C-cytosine, G-guanine, and T-thymine) and is the molecular unit of any biolo-
gical structure or function of living organisms. Every gene has a unique sequence of 
deoxiribo nucleotides at a particular length. Transmission of genes from one orga-
nism to its offspring is the basis of the inheritance of phenotypic traits. Most of 
the biological characters / features / traits are under the influence of one or many 
genes (polygenes) with a minimum influence of gene-environment interactions as 
well. Some genetic traits are instantly visible, such as eye color, number of limbs, 
blood type and risk for specific diseases but most of the genetic traits are invisible as 
they are nothing but thousands of enzymes, hormones and other molecular factors 
which determine the various biochemical processes of life. 

Genes evolve due to natural selection or survival of the fittest of the alleles in 
due course of time. Gene evolution is nothing but modification of DNA sequence at a 
single nucleotide to multiple sequence level. The change in gene sequence significan-
tly affects the particular biological character of the organism and in long term, that 
causes origin of new species. Hence, the comparison of gene or nucleotide sequence 
helps not only to study the gene evolution but also to understand or predict the 
genotypic evolution. Sequence information of individual gene of various organisms 
are available various databases such as DNA Data Bank of Japan (DDBJ), European 
Molecular Biology Laboratory (EMBL), and GenBank at NCBI. FASTA format of those 
nucleotide sequences is retrieved from NCBI resources at http://www.ncbi.nlm.nih.
gov/. 
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DNA sequencing is the process of determining the precise order of nucleoti-
des within a DNA molecule. It includes any method or technology that is used to 
determine the order of the four bases adenine, guanine, cytosine, and thymine in a 
strand of DNA. The advent of rapid DNA sequencing methods has greatly accelerated 
biological and medical research and discovery. Knowledge of DNA sequences has 
become indispensable for basic biological research, and in numerous applied fields 
such as medical diagnosis, biotechnology, forensic biology, virology and biological 
systematics. The rapid speed of sequencing attained with modern DNA sequencing 
technology has been instrumental in the sequencing of complete DNA sequences, or 
genomes of numerous types and species of life, including the human genome and 
other complete DNA sequences of many animal, plants, and microbial species.

Protein sequencing is the practical process of determining the amino acid 
sequence of all or part of a protein or peptide. This may serve to identify the protein 
or characterize its post-translational modifications. Typically, partial sequencing of a 
protein provides sufficient information (one or more sequence tags) to identify it with 
reference to databases of protein sequences derived from the conceptual translation 
of genes.

4. Procedure 

 Open the home page of NCBI resource at http://www.ncbi.nlm.nih.gov/
 Choose the ‘Nucleotide’ Database and enter ‘Amylase’ in the search box
 Choose further filter options such as ‘Animals’ under species category and 

‘mRNA’ under molecular type category
 Type any animal name of your choice such as Human, Rat, Rabbit, Cow, Goat, 

Tiger, Elephant, Deer, etc., in the query box one by one along with amylase and 
click the search button

 Select the sequence of interest from the search outputs by clicking the specific 
check box

 Click ‘FASTA’ for retrieving the sequence format in the display settings and 
click apply

 Open the web browser and type the database address www.expasy.org/tools in 
the address bar

  Select TRANSLATE from the list of displayed tools
 Paste the query sequence in the given box
 Click TRANSLATE option
  Report the results

5. Expected observations and results 

Fig. 1: About 991 search outputs obtained while searching with ‘Amylase’ 
in ‘Animal’ under the ‘nucleotide’ datasets in the NCBI resources with 
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data minimization filters such as animals (Species type) and mRNA 
(Molecular types)

Fig. 2: FASTA format of Animal amylase (amy2A) mRNA gene sequence 
was retrieved using the send dropdown box by choosing the destination 
as ‘File’ and the download format as ‘FASTA’ followed by clicking the 
‘Create File’ button
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Fig. 3:  Expasy tool home page for converting DNA sequence into amino 
acid sequence

Fig. 4: Paste the FASTA sequence of Amylase in the given box and click 
translate for converting it into Amino acid Sequence
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Fig. 5: Amino sequence of amylase is displayed

6. Conclusion and interpretation 

Thus, the amylase enzyme protein Coding gene sequences were retrieved in 
FASTA format and then it is converted into amino acid sequence using the Expasy 
tool 
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ANNEXURE
1. Subject :  Bioinformatics
2. Area of experiment :  Biological Sequence Alignment
3. Experimental details 
 3.1  Whether the experiment is for indivi-

dual student or a group of students 
(for a group of students, specify the 
number of students in group), whether 
it is lab experiment or lecture-cum-
demonstration experiment. :  Individual – Lab Experiment

 3.2 Duration of experiment :  90 Minutes
 3.3  List of recurring and non-recurring 

instruments / equipment required, 
sources for procurement of the requi-
red items :  Computer / Laptop with Internet

 3.4  Recurring and non-recurring cost per 
experiment

:  Rs. 30,000/-

4. Learning outcomes 
 4.1 Principles and skills learnt :   Biological sequences, sequence 

retrieval techniques, molecular bio-
logy concepts/terminologies, mul-
tiple sequence alignment tools and 
principles of clustering techniques

 4.2 Further scope and application :   Development of new tools for biolo-
gical sequence alignment

 4.3 Safety aspects :  Nil
 4.4 Regulatory requirements, if any :  Nil
 4.5  Possible waste generated and disposal 

method 
:  Nil

 4.6  IT support and other support needed :  Periodical Maintenance of System
 4.7  Troubleshooting and bottlenecks 

expected 
:  Nil

5. List of references supporting the experiment and the relevant references : 
 1. Xiong J. (2006). Essential bioinformatics. Cambridge, UK: Cambridge Univer-
sity Press.
 2. Hughes A.E. (2001). Sequence databases and the internet. Methods Mol. Biol. 
167: 215- 223.
 3. http://vlab.amrita.edu/?sub=3&brch= 273&sim=1437&cnt=1
 4. Andreas D. Baxevanis & B.F. Francis Ouellette, Bioinformatics: a practical 
guide to the analysis of genes and proteins (2001)
 5. http://dot.imgen.bcm.tmc.edu: 9331/multi-align/Options/clustalw.html
6. Any other relevant information :  Nil


