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Chapter 1- Introduction to Bioinformatics 

Module 001: INTRODUCTION TO BIOINFORMATICS  

¶ BACKGROUND  

Bioinformatics is an interdisciplinary science at the cross-roads of biology, mathematics, 

computer science, chemistry and physics. With the digitalization of the biological 

information, doors have been wide opened towards the analysis of this information using 

computer algorithms and software. 

Now we know well that the human genome has over 25,000 genes and these genes code 

for thousands of different proteins which perform day-to-day functions in the living cell. 

Furthermore, these proteins may take on various post-translational modifications leading to 

a very large number of functionally unique molecules. This presents us with a huge 

challenge in identification of genes and proteins.  

¶ EXPERIMENTS IN BIOLOGY 

With the advancements in experimental protocols, now we have several next generation 

instruments and techniques available for obtaining digitalized biological information on 

genes and proteins etc. These instruments include: 

1. Next Generation Sequencers (NGS) for whole genome sequencing 

2. High Resolution Mass Spectrometry for whole proteome profiling 

3. Nuclear Magnetic Resonance Spectroscopy for structural studies 

 

¶ DIGITALIZATION OF BIOLOGY 

Lƴ ǘƻŘŀȅΩǎ ǿƻǊƭŘΣ ǿƘŜƴ ŀ ōƛƻƭƻƎƛǎǘ ǇŜǊŦƻǊƳǎ ŀƴ ŜȄǇŜǊƛƳŜƴǘ ƛƴ ǘƘŜ ǿŜǘ-lab, he or she in fact 

produces digital data which is continuously being stored on computer disks. The data may 

include text, numbers, symbols or images. 

¶ SPEED OF DATA GROWTH 

Due to advancement in instrumentation used in biological experiments, data is being 

accumulated at exponentially increasing rates. For example; genome sequences in genome 

databases are doubling every few years. 

¶ CONCLUSION  

Human brain is limited in recalling information from memory. First, we have to commit all 

information to our memory followed by its recall. To overcome our ability to memorize and 

recall, computers can come to our rescue. This is because computers have an infinite ability 

to recall this information and process it quickly towards results.  
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Module 002: INTRODUCTION TO BIOINFORMATICS  

¶ MOTIVATION 

Bioinformatics is a becoming a popular science due to several reasons. 

ü It is an interdisciplinary field as it covers the information of biological digital information 

including human, plants, animals and microorganisms. 

ü Although it is a new field but it is rapidly developing field. 

ü It demands a very low cost infrastructure and hardly any lab equipment.  

ü As bioinformatics data concerns a wide range of species such as humans, plants and 

micro-organisms, it presents us with plenty of opportunities in scientific discovery.  

 

¶ SCOPE OF BIOINFORMATICS 

Bioinformatics primarily deals with digitalized biological information as well as data 

reported from biology experiments. Computational methods, data processing techniques 

and algorithms are employed in addressing the following issues: 

ü Storage of data  

ü Organization data  

ü Analysis of many experiments 

ü For representation of biological information 

 

¶ ACTIVITIES  

In modern biological sciences, bioinformatics is used for activities such as: 

ü Developing algorithms for organizing data collected from experiments  

ü Writing software and tools for data analysis 

ü Data processing to determine the role of underlying biomolecules 

ü Statistical evaluation of data using methods such as t-test and ANOVA  

ü Data visualization for meaningful presentation of biological information 

 

¶ CONCLUSION  

In Pakistan, the field of biology is undergoing a rapid change due to the onset of 

bioinformatics. New research and educational programs are being constructed which is 

opening new door of opportunities for our future generations. 
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Module 003: INTRODUCTION TO BIOINFORMATICS  

¶ NEED FOR BIOINFORMATICS ςI 

If we look at the pace of development in the area of bioinformatics then we can easily observe 

that from yearΩǎ 2000 to 2015, the number of online tools for processing genomics and 

proteomics information are rapidly increasing. This is just a reflection of the need for 

bioinformatics in modern day biology. 

The field of Bioinformatics and Computational Biology is characterized by a highly diverse 

confluence of traditional academic disciplines. Informatics and Bio-science are the umbrella 

terms given to a set of allied disciplines which make up the field, but a much larger array of 

traditional areas contribute to the set of tools needed by individuals training for this new and 

expanding interdisciplinary field. Biomedical Engineering, Electrical and Computer Engineering, 

Computer Science, Applied Mathematics, Genetics, Biology, Anatomy and Cell Biology, Micro 

Biology, and Biostatistics are the principal allied disciplines. 

 

¶ CONCLUSION  

The need for bioinformatics is on a rapid rise as biological data is rapidly increasing and 

becoming available online, free of any cost. 
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Module 004: NEED FOR BIOINFORMATICS ςII 
If we observe the growth of gene bank than from 1982 it comprised of 2 billion base pairs but 

by year 2002 it had risen to 56 billion base pairs. With the data in our hands, there is an urgent 

need to interpret this data. For instance, analysis of this data can help us in developing an 

understanding of the phylogenetiŎ άǘǊŜŜ ƻŦ ƭƛŦŜέ ǿƘƛŎƘ Ŏƻƴǎƛǎǘ ƻŦΥ 

ü Bacteria  

ü Archaea 

ü Eucarya  

Towards exploring the possible benefits of using bioinformatics, one needs to answer the 

following question: 

¶ WHAT IS IT THAT BIOINFORMATICS CAN DELEIVER? 

The simple answer to that bioinformatics is:  

ü Provide us better understanding of life, evolution, molecular mechanisms as well as 

disease. 

ü Moreover, we can make better drugs with the availability of an enhanced molecular 

understanding of disease. 

 

¶ POSSIBLE CONTRIBUTIONS 

ü It can help us to organize the large datasets from new experiments instruments  

ü Bioinformatics can help store and process this data as well. 

ü It can provide insights into the meanings of our research results and findings. 

ü Overall, it can help us to better understand paradoxes defining the life forms. 

 

¶ CONCLUSION 

From gene sequencing to protein sequencing, bioinformatics is providing us with an improved 

understanding of the genes, proteins, protein interaction and signaling pathways involved in 

biological functioning and disease.  

  



Handout Chapter 01: Introduction to Bioinformatics 

Page 5 of 320 
 

Module 005: APPLICATIONS OF BIOINFORMATICS ς I 
When we look at bioinformatics, it seems to be a very complex and abstract field. How and 

where can bioinformatics be applied specifically? How does it improve the fundamental 

understanding of biological phenomenon? Most importantly, how can its benefits be delivered 

to the society at large? 

The answers to these questions are categorized as follows: 

¶ GENOMICS  

ü Bioinformatics can help in assembling DNA sequencing data.  

ü It can help in gene finding (markers). 

ü Gene assembly can be performed using bioinformatics tools (nucleotide alignments)  

ü It can help transcribe the gene data to RNA data 

ü Also, databases can be generated from such data. 

 

¶ EVOLUTIONARY STUDIES 

ü Evolutionary relationships between different organisms can be derived from data. 

ü Evolutionary distance among species can be computed by using bioinformatics tools. 

ü Phylogenetic trees can be constructed to find relationships between species.  

ü Ancestry can be better understood between several species and organisms. 

 

¶ PROTEOMICS  

ü Bioinformatics can help us in decoding protein sequences.  

ü It can also help us in understanding protein structure. 

ü We can also understand post translational changes in proteins with the help of 

bioinformatics.  

ü We can better understand the protein-protein interaction in different biological 

reactions. 

ü It can also help us in generating databases of these sequences and structures. 

 

¶ SYSTEMS BIOLOGY 

ü Bioinformatics can assist us in modelling regulatory mechanisms in gene and protein 

networks. 

ü Such models can be analyzed to identify the key regulators in these networks. 

ü Moreover, the models can help evaluate drugs to treat these key regulators. 

 

¶ CONCLUSION 

Bioinformatics can be applied to life in many ways it helps us to understand the sequence 

and function of biomolecules and their relationships. Recent trends in bioinformatics 

involve development of personalized therapeutics for cancer and diabetes.   
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Module 006: APPLICATIONS OF BIOINFORMATICS - II 
Bioinformatics is being applied in routine life in many ways like in Genomics, transcriptomics, 

Proteomics, Metabolomics, Structural Proteomics, Designing Drugs, System Biology and in 

personalization of medicines for cure.  

Except these applications Bioinformatics introduced us the techniques which enabled us to 

generate the large data regarding biology and also its use. And step by step the applications of 

bioinformatics increased from genomic level to entire system level. 

 

¶ SMALL TO BIG 

ü Bioinformatics helps us to understand the systems from small to big like from gene findings to 

entire system prediction  

ü In structure findings and modeling of many biological system to understand them in 

better ways. 

ü Bioinformatics helped the human to understand the protein, protein interaction in many 

biological systems. 

ü And provide us the concept how these biological process are interconnected with each 

other and how they affect each other.   

ü Now we are able to understand the modeling of molecules and genome at cell level.  

ü Signaling pathways are easy just because of bioinformatics. 

ü Now morphology of tissue can be understand by creating the models with help of 

bioinformatics tools. 

 

¶ CONCLUSION  

 

Bioinformatics not only just collect, analyze and store the data it process it in very authentic 

way and validates our hypothesis and very soon in future it will help us to understand that 

which disease is coming in future and how to tackle it with personalize medicine.  
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Module 007: FRONTIERS IN BIOINFORMATICS - I 
 

¶ INTROCDUCTION  
 

Bioinformatics is new and emerging field of science having vast opportunities and with 

innovation in tools it is increasing the scale of biological data, but still there are many unsolved 

challenges which are pending in the field of life science and for which bioinformatics is doing 

new innovative ideas. 

 

¶ FRONTIER IN GENOMICS 

Now we are able to sequence the whole genome with the bioinformatics tool of Next 

generation sequencing (NGS)  

We are able to save, store and analyze the massive amount of biological data which is in 

(Terabyte files) 

We can handle the large number of data easily and can process it as well in easy way. 

Whole genome can be assemble in sequence and can flaws can be identified easily.  

 

¶ FRONTIER IN TRANSCRIPTOMICS  

 

Now in genomics we are able to identify those matters which are unknown yet or under 

discussion. 

Role of RNA in making proteins and its dynamics can be understood easily now. 

Interactions of RNA molecule can be easily understood by simple model.   

 

¶ FRONTIER IN PROTEOMICS 

 

Deficiency of low proteins in any patient tissue sample can be identify.  

Expression and manufacture of protein in large molecular level in any organism can be 

identified.  

Pathways before and after any biological reaction are easy to design.  
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¶ CONCLUSION  

Bioinformatics is literally a science full of challenges and opportunities having a revolution 

in field of biology and routine life.  
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Module 008: FRONTIER IN BIOINFORMATICS-II 
Frontier in Bioinformatics includes  

ü Next generation genomics 

ü Transcriptomics  

ü Proteomics  

 

¶ FRONTIER IN PROTEIN STURUCTURE  

Bioinformatics helps us to understand the layer folding of proteins that how they are 

processed, and helps to know that how protein interact with each other and how a drug can 

affect or stimulate a protein. 

 

¶ FRONTIER IN SYSTEM BIOLOGY 

It helps us to understand the whole system of a single cell, in that cell how organelles, gene, 

proteins and metabolites are interconnected in a single unified system (cell). And 

bioinformatics also give us the idea how these models can be applied to real-time.  

 

¶ FRONTIER IN PERSONALIZED MEDICINE 

This is the important thing for this century and upcoming generation that personalize the 

medicine for exact cure of a disease. Because all the medicine cannot work exact some effect 

patient badly therefor with the help of Bioinformatics we are now able to personalize some 

medicines for some diseases. And bioinformatics helps us to evaluate the medicine.  

 

¶ CONCLUSION  

If we talk about the 21st ŎŜƴǘǳǊȅ ǘƘŀƴ ƛǘΩǎ ǘƘŜ ŎŜƴǘǳǊȅ ƻŦ ōƛƻƛƴŦƻǊƳŀǘƛŎǎ ƛǘ ǿƛƭƭ ŜƴŀōƭŜ ǘƘŜ ƘǳƳŀƴ 

to cure many disease with one drug by personalizing it.  
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Module 009: Overview of Course Contents - I 

 

Philosophy behind the Course Outlay 

1. Introduce the classical algorithms in bioinformatics 

2. Link them to latest developments in the field 

3. Evaluate the future applications 
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Sequences and operations such as alignment and comparison will be covered along with 

phylogenetic and RNA structure modelling. Next up we will delve into protein sequences and 

structures! 
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Module 010: Overview of Course Contents - II 
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Summary 

Å Protein sequence and structure topics will be dealt in these modules 

Å Next set of modules is about the homology modelling and systems biology 

topics! 
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Module 011: Overview of Course Contents ς III 
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Conclusion 

Å These contents will give you an initial exposure to the variety of topics in 

bioinformatics 

  

Å After covering these topics, you should have a basic conceptual foundation for 

further studies into Bioinformatic
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Chapter 2 - Sequence Analysis 

Module 001: Gene, mRNA and Protein Sequences 

¶ INTRODUTION  
 

We all know that all the living things are composed of cells and here a question arise that how 

cells are made? For composition of cell DNA has blueprints for building cells along with the 

ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ŎŜƭƭΩǎ ǇǊƻǘŜƛƴΣ ŎŀǊōƻƘȅŘǊŀǘŜ ŀƴŘ ǾƛǘŀƳƛƴǎ ǇǊƻŘǳŎǘƛƻƴΦ 

!ƴŘ ǘǊŀƴǎŦŜǊ ƻŦ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ 5b! ǘƻ ǘƘŜǎŜ ƳƻƭŜŎǳƭŜǎ ƛǎ ǘŜǊƳŜŘ ŀǎ ά/ŜƴǘǊŀƭ 5ƻƎƳŀέ 

which is  

DNA               RNA                Protein.  

Proteins are than use in constructing the cell.  

 

¶ DNA  

 

Figure 0.1 DNA Double helix 

DNA molecule is double helix structure contain base pairs composed of nucleotides and these 

nucleotides are composed of sugar phosphate group and are bind with each other with 

hydrogen bonds. 
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Normally all the nucleotides are same in both DNA and RNA except one position in RNA which is 

U (Uracil) and in DNA it is T (Thiamin)  

DNA sends the information to cell via mRNA and that sequence the amino acids according to 

coded information and protein structure is formed and that protein form a cell.  

 

¶ CONCLUSION  

According to the central dogma DNA codes information for RNA and RNA makes the Protein 

and that protein along with some organelles make cells and its systems. 
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Module 002: TRANSCRIPTION 
 

All cells are made of carbohydrates and proteins and for these cells DNA codes the information 

which makes the RNA and protein both.  

 

 

Figure 0.2 Flow of information from DNA to Proteins 

 

The above mechanism explains the process of transcription in very simple way, DNA codes the 

information and converted into RNA where mRNA copies the information and it execute the 

information in cell and amino acids combine with each other according to coded information of 

DNA and protein formation takes place. Which is known as Translation.  

Molecule of DNA contains only four base pairs (A, T, C, and G) which are repeated thousands of 

ǘƛƳŜ ŀƴŘ !ŘŜƴƛƴŜ ά!έ ǇŀƛǊǎ ǿƛǘƘ /ȅǘƻǎƛƴŜ ά/έΣ ²ƘƛƭŜ ¢ƘȅƳƛƴŜ ά¢έ ōƛƴŘǎ ǿƛǘƘ DǳŀƴƛƴŜ άDέ ŀƴŘ 

all pairings are with the help of Hydrogen bonding.  

{ŀƳŜ ƭƛƪŜ 5b!Σ ǘƘŜ wb! Ŏƻƴǘŀƛƴǎ ŦƻǳǊ ōŀǎŜ ǇŀƛǊǎ ōǳǘ ¢ƘȅƳƛƴŜ ƛǎ ǊŜǇƭŀŎŜŘ ǿƛǘƘ ¦ǊŀŎƛƭ ά¦έ ŀƴŘ 

RNA is single stranded. 

DNA just codes the information for protein but RNA helps in making protein.   

 

 

DNA RNA Proteins 

¢Ǌŀƴǎƭŀǘƛƻƴ ¢ǊŀƴǎŎǊƛǇǘƛƻƴ 

LƴŦƻǊƳŀǘƛƻƴ 
/ƻǇȅ ƻŦ 
LƴŦƻǊƳŀǘƛƻƴ 

9ȄŜŎǳǘƛƻƴ ƻŦ 
LƴŦƻǊƳŀǘƛƻƴ 
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Module 003: NUCLEOTIDES 
If we talk about the composition of DNA and RNA molecule than these are composed of four 

other molecules which are named as Nucleotides.  

These molecules are Adenine (A), Cytosine (C), Thymine (T), Uracil (U), and Guanine (G). 

 

DNA molecule although is double stranded and RNA is single stranded but there is difference in 

sugar composition.  

RNA has Ribose sugar and DNA has de-oxyribose sugar: 

 

Figure 0.3 Difference between RNA and DNA sugar 

              RNA                                          DNA  

 

Adenine and Guanine collectively called Purines while Cytosine, Uracil, and Thymine are called 

as Pyrimidine.  

when phosphate, nitrogen base and sugar come together if there is (OH) than molecule is RNA 

and if there is (H) in sugar than molecule is DNA. As figure shows.  
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¶ CONCLUSION  

DNA molecule make RNA and RNA make the protein and DNA differ from RNA in nature due 

to sugar and nucleotide.  
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Module 004: TRANSLATION 
Cells are built of proteins and carbohydrates and these proteins are made in results of 

transformation of RNA molecule and this transformation is called as translation.  

Translation takes place in ribosome of cell and ribosomes after reading the information of 

mRNA collects the amino acids from cell cytosol which is the part of the cytoplasm that is not 

held by any of the organelles in the cell. 

 

¶ MECHANISM  

At ribosome three nucleotides are read at a time from mRNA, this set of three nucleotide is 

called as codon and each codon correspond to a specific amino acid.  

  

 

Figure 0.4 sixty four codons combinations 
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¶ CONCLUSION  

RNA codes for protein and codons of here nucleotide code for specific amino acid on ribosomes 

and this process is called as translation.  
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Module 005: AMINO ACIDS 
RNA decodes the information at ribosomes in form of Codons each codon select a specific 

amino acid. Because there are 20 different amino acids in nature therefore they fold together 

and make a protein structure by polymerizing themselves.  

 

If we observe the structure of amino acid it contains nitrogen, hydrogen, oxygen and two 

carbon atoms. And a variable group R. 

 

Figure 0.5 structure of amino acid 

When polymerizations takes place water is formed and if any compound attached with R group 

than structure of protein is changed.  

 

 

These amino acids are joined with each other with peptide bonds and fold with each other in 

3D form they make protein structure.  



Handout Chapter 02: Sequence Analysis 

Page 26 of 320 
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Module 006: STORAGE OF BIOLOGICAL SEQUENCE INFORMATION 

We know that sequence of DNA contain A,C,T&G nucleotides and sequence of RNA contains 

A,C,U&G while sequence of protein contain A,R,N,D,C,E,Q,G,H,I,L,K,M,F,P,S,T,W,Y&P these are 

actually 20 different amino acids in nature which compose a protein. 

When both DNA and RNA or mRNA are sequenced in lab their sequences contains larger 

number of nucleotides with variety  

And when we talk about protein its sequences contain large number of bases as they are 

complex in nature.  

 

¶ SOLUTIONS DATABASES 

 

¢Ƙƛǎ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǎŜǉǳŜƴŎŜ ƻǊ ōŀǎŜǎ Ŏŀƴƴƻǘ ōŜ ǎǘƻǊŜŘ ƛƴ ŀ ǎƛƴƎƭŜ ŎƻƳǇǳǘŜǊ ǘƘŀǘΩǎ ǿƘȅ 

solution lies in public sequence data bases for DNA & RNA the public database is GenBank (by 

NIH).  

For proteins the public database is UniProt (by Uniprot Consortium)  

 

Both GenBank and UniProt are online database and the DNA, RNA and Protein sequences are 

available here online for public and researchers.  
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Module 007: USING GENBANK  
 

GenBank is online database where researcher can get access to the sequences of DNA, RNA and 

proteins. 

To find any sequence we go online to NCBI GenBank website which is Public database site. 

Which is; 

www.ncbi.nlm.nih.gov/genbank      

And for example we want to find the sequence for Immunoglobulin which is responsible for 

Glycoprotein antibodies in white blood cells plasma and act for immunity. 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/genbank
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Sequences can be searched from GenBank by typing; 

o Sequence name  

o ID  

o Name  

o Species  

o Locus  

o Accession Number  

o Author  

o Journal  
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Module 008: USING UNIPROT 
UniProt is public database which is being used to search the sequence of proteins.  

 

www.Uniprot.org    

 

 

For example we want to search a sequence of a protein which is Ubiquitin which plays an 

important role in cytosol for recycling the proteins. We have to go online to the website 

www.Uniprot.org and above page will appear.  

 

We have to write the name of protein in search box and press enter. You will get the searched 

results like this one. 

 

http://www.uniprot.org/
http://www.uniprot.org/
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By clicking on any result you can download or Blast the sequence. 

In home page there is a box named ά{ǿƛǎǎ tǊƻǘέ which contains human curated protein 

information, molecular mass, observed and predicted modifications etc.  

  

Uniprot can be searched by typing amino acid, Name, ID or sequence.  
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Module 009: COMPARING SEQUENCES  
There are millions sequences on GenBank and UniProt what will happen if we will compare 

them? By comparing sequences of DNA, RNA and Proteins we can get  

ü Similarity among sequences  

ü There might be some specific difference due to some disease  or mutation 

ü There may be some evolutionary relationship. 

As there nucleotides can be similar or differ from each other  

 

Figure 0.6 BLAST is used to compare the nucleotides sequences 

While UniProt is used in case of amino acids sequence comparison.  

By comparison of nucleotides and Amino acids of any DNA, RNA and protein sequence we can 

find many evolutionary facts and relations among species.  
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Module 010: SIMILARITIES & DIFFERENCES IN SEQUENCES  

 

When we compare the sequences of DNA and RNA we can get the similarity and differences or 

relationship in evolution. And same case is with amino acids of proteins. 

In compression not only they have the same number of nucleotides but they have same order 

or arrangements.  

If some sequence are exactly similar to each other it means; 

ü They might have some regular expression in cell or system. 

ü Or they indicate some specific presence like signature of any protein or gene.  

ü Or they might have similar nucleotide just one or two between them are different from 

rest.  

 

¶ CONCLUSION 

If there is exact match in sequences it means their order or arrangement and maximum 

numbers of nucleotides match to each other not all of those.  

While the genome of each created kind is unique, many animal kinds share some specific types 

of genes that are generally similar in DNA sequence. When comparing DNA sequences between 

animal taxa, evolutionary scientists often hand-select the genes that are commonly shared and 

more similar (conserved), while giving less attention to categories of DNA sequence that are 

dissimilar. One result of this approach is that comparing the more conserved sequences allows 

the scientists to include more animal taxa in their analysis, giving a broader data set so they can 

propose a larger evolutionary tree. 

Although these types of genes can be easily aligned and compared, the overall approach is 

biased towards evolution. It also avoids the majority of genes and sequences that would give a 

better understanding of DNA similarity concepts. 

http://www.icr.org/article/common-dna-sequences-evidence-evolution/  
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Module 011: SIMILARITIES & DIFFERENCES IN SEQUENCES  
When we compare the sequences of DNA and RNA we can get the similarity and differences or 

relationship in evolution. And same case is with amino acids of proteins. 

In compression not only they have the same number of nucleotides but they have same order 

or arrangements.  

If some sequence are exactly similar to each other it means; 

ü They might have some regular expression in cell or system. 

ü Or they indicate some specific presence like signature of any protein or gene.  

ü Or they might have similar nucleotide just one or two between them are different from 

rest.  

 

¶ CONCLUSION 

If there is exact match in sequences it means their order or arrangement and maximum 

numbers of nucleotides match to each other not all of those.  

While the genome of each created kind is unique, many animal kinds share some specific types 

of genes that are generally similar in DNA sequence. When comparing DNA sequences between 

animal taxa, evolutionary scientists often hand-select the genes that are commonly shared and 

more similar (conserved), while giving less attention to categories of DNA sequence that are 

dissimilar. One result of this approach is that comparing the more conserved sequences allows 

the scientists to include more animal taxa in their analysis, giving a broader data set so they can 

propose a larger evolutionary tree. 

Although these types of genes can be easily aligned and compared, the overall approach is 

biased towards evolution. It also avoids the majority of genes and sequences that would give a 

better understanding of DNA similarity concepts. 

http://www.icr.org/article/common-dna-sequences-evidence-evolution/  
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Module 012: PAIR WISE ALIGNMENT ςII 
In pair wise alignment of nucleotides the nucleotides comes in pairs and matching are colored 

ǿƘƛƭŜ ƳƛǎǎƛƴƎ ŀƳƛƴƻ ŀŎƛŘǎ ŀǊŜ ƛƴŘƛŎŀǘŜŘ ǿƛǘƘ άέ ŀƴŘ ǘƘƛǎ ŜƳǇǘȅ ǎǇŀŎŜ ƛǎ ŎŀƭƭŜŘ ŀǎ ƎŀǇΦ 

And these Gaps are inserted for deletion or insertion of any nucleotide.  Increase in Gaps can 

increase the chance of plenty in sequencing and less number of Gaps can increase the similarity 

rate of sequences.  

There are two types of pair alignments. 

1. Global  

2. Local  

In Global ways of sequence pair alignment we introduce the Gaps in all sequence to know over 

all matching. While in Local type of sequence pair alignment we find those regions where 

nucleotides are maximum matching with each other it is used to find the similarity or some 

nutation.  

Most important the Gaps are introduced so that we may add the missing nucleotides.  

Pairwise Sequence Alignment is used to identify regions of similarity that may indicate 

functional, structural and/or evolutionary relationships between two biological sequences 

(protein or nucleic acid). 

http://www.ebi.ac.uk/Tools/psa/  

  

http://www.ebi.ac.uk/Tools/psa/
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Module 013: PAIR WISE SEQUENCE ALIGNMENT ςIII 
Pair wise alignment helps us to find the similarity and differences there are three ways 

according to which sequences can differ from each other.  

Which are  

ü Substitutions    ACGA ­ AGGA 

ü Insertions   ACGA ­ ACCGA      

ü Deletions ACGA ­ AGA  

By applying all above ways to any sequence the matching and mismatching can be increased or 

decreased between to different comparing sequencing.  

Both local and Global ways of alignments give us different results.  

But among above Substitution increases mismatch of sequence.  
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Module 014: DOT PLOTS  
To visualize the sequence alignment we have a method called Dot Plots in this method the 

sequence is written top and left side of dot matrix grid. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Where one nucleotide or amino acid match with each other the dot is placed in grid 

position in each row for one time.  

 

 

 

 

 

 

Similar dots are match with diagonal pattern and which remain separate differ from 

similar sequence  

  

 

! 

/ 

! 

/ 

D 

! / / D D 
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Dots on diagonal repeats the alignments and separate one give difference to the sequence.  

Figure 0.7 dot plot diagonal pattern 
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Module 015: EXEMPLE OF DOT PLOTS 
 

In dot plot the matching nucleotides are connected in diagonal way and represent the 

sequence alignments.  

When we compare the human Cytochrome and Tuna Fish Cytochrome than the diagonal 

alignment of sequence we find is in this below diagram.  

 

 

 

 

 

 

 

  

 

 

 

 

 

¶ BENEFITS 

 

Dot plots provides us the Global similarity between the two sequences and helps us to visualize 

the alignments of sequences and sequence repeats appear as diagonal stacks in plot. 

 

¶ CONCLUSION  

Dot plot help us to find the threshold difference among two sequences.  

  

Figure 0.8 tuna fish vs Human 
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Module 016: IDENTY VS SIMILARITY  
When we talk about the comparison of two sequences than question arise that how we can 

compare the biological sequences and after comparison what will be the degree of comparison. 

There are two concepts for sequence analysis  

1. Identity  

2. Similarity  

Identity means the counting number of nucleotides or amino acids which exactly match when 

two biological sequences are matched.  

For example: 

 

 

  

Number of match = 5 

Smaller length       = 5 

Sequence (1)         = 7 

Sequence (2)         = 5 

 

Formula for Identity: 

Identity = No. of Matches / smaller length × 100  

                  =  ρππρππϷ 

 

And Similarity means the comparison between two different sequences calculated by 

alignment approach.  

In both identity and similarity the dots are not counted.   

  

мΥ /!¢D/¢¢ 

нΥ /!¢D/ 
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Module 017: INTRODUCTION TO ALIGNMENT APPROACHES  
When we align the sequence that may be vary due to insertion and deletion of nucleotides and to 

calculate the similarity we need to align the sequence first. And there are two different approaches to 

align the sequence.  

1. Global Alignment  

2. Local Alignment 

In Local alignment we compare one whole sequence with the one portion of other like this. 

 

 

 

 

 

While in Global alignment we compare both sequence from end to end completely.  

 

 

 

 

 

Local alignment just focus on highly matching portions of sequence while in Global one whole sequence 

is compared with other one.  

 

 

  

Figure 0.9 local alignment 

Figure 0.10 Global alignment  
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Module 018: WHY LOCAL ALIGNMENT 
 

When there is Global alignment which compare the whole sequence from end to end than why local 

alignment is done question arise.  

Because Local alignment have power to detect the smaller regions with high similarity and such matches 

are motifs or domains which remain hidden in case of protein function.  

 

¶ DOMAIN SHUFFLING  

Aligned portions of sequence can be considered in varying orders and this process is called as domain 

shuffling.  

 

¶ ADVENTAGES  

 

ü We can compare the different length sequences  

ü Conserved domains can be determined from proteins  

ü Common function features can be identified.  

 

¶ CONCLUSION 

 

Local alignment is used to compare the segments for high matching sequencing.  
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Module 019: ALIGNING, INSERTION & DELETION  
Insertion means addition of amino acids in protein sequence and addition of nucleotides in DNA 

sequences.  

And deletion means removal of amino acids from protein sequence and removal of nucleotides 

from DNA or RNA sequences.  

¶ ALIGNING INSERTION  

For example we have following two sequences  

 

 

 

 

 

 

 

To add the nucleotide in sequence 2 we will add gap first. And same happens with the deletion 

alignment we add gap where we delete the nucleotide from sequence. And such insertion of 

gap is called as ςve or plenty.  

 

  

мΥ  !   /   ¢   D   !   /   ¢   D 

нΥ  !   /  D   !   /   ¢   D 

мΥ !   /   ¢   D   !   /   ¢   D 

нΥ !   /  D   !   /   ¢   D 

мΥ !   /   ¢   D   !   /   ¢   D 

нΥ !   /   Φ     D   !   /   ¢   
D
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Module 020: ALIGNING MUTATION IN SEQUENCES  

 

Removal and addition of amino acids in proteins and nucleotides in DNA, RNA by using Gaps 

named as Indels. 

Mutation is totally different from Indels, because in Mutation we replace the amino acid with 

other amino acids and replace the nucleotidŜǎ ǿƛǘƘ ƻǘƘŜǊ ŀƴŘ ǿŜ ŘƻƴΩǘ ǳǎŜ DŀǇǎ ƛǎ ƛƴǎŜǊǘŜŘ ƛƴ 

template or target for mutation. 

   

 

 

 

 

 

 

 

 

 

¶ CONCLUSION  

In identity alignment we use Gaps and in mutation we use substitution penalties and penalties 

depend upon the substitution.  

  

мΥ  !   /   ¢   D   !   /   ¢ 

нΥ  !   /  D   D   !   /   ¢ 

мΥ !   /   ¢   D   !   /   
¢ 

нΥ !   /  D   D   !   /   
¢ 
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Module 021: INTRODUCTION TO DYNAMIC PROGRAMMING 
 

To find matching in nucleotides and amino acids of two sequences we use dot plot method. But 

dot plot cannot capture the insertions, deletions and gaps in the sequences. 

To deal with this situation we modify the dot plot.  

We represent the matching nucleotides with +1 while gaps, substitutions, insertions and 

mutations can be represented as -1 in dot plot.  

Dynamic programming is an algorithmic technique used commonly in sequence analysis. 

Dynamic programming is used when recursion could be used but would be inefficient because it 

would repeatedly solve the same sub problems.  

http://www.ibm.com/developerworks/library/j-seqalign/   
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Module 022: DYNAMIC PROGRAMMING ESSENTIALS  
 

When we talk about the compression of two sequences one by one it need time and is 

ŎƻƳǇǳǘŀǘƛƻƴŀƭƭȅ ŜȄǇŜƴǎƛǾŜ ƳŜǘƘƻŘΦ ¢ƘŀǘΩǎ ǿƘȅ ǿŜ ƴŜŜŘ ŀƭƎƻǊƛǘƘƳΦ  

In algorithm we calculate the step involve in sequence compression for example if we if we 

compare two sequences of length άƴέ than it would be άƴ2 ά 

And its order is O (n2) 

 

 

Figure 0.11 -1 represent deletion, insertion and gaps while +1 represent matching nucleotides or amino acids 

 

One by one sequence compression is costly and time consuming process we minimize the cost 

with the help of algorithm. 
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Module 023: DYNAMIC PROGRAMMING METHODOLOGY 
Dynamic programming helps us to reduce the computational cost in sequence comparisons and 

ƛǘ ǿƻǊƪǎ ƻƴ ǘƘŜ ƳŜǘƘƻŘ ƻŦ άǎŎƻǊƛƴƎ ŦǳƴŎǘƛƻƴέΦ 

For example  

Match        = +a 

Mismatch = -b  

Gap            = -c  

Score = #match + #Mismatch +#Gaps 

 

 

 

 

 

 

 

Total =11 

 

All the alignments are done in diagonal way in dot plot matrix. For total score we make 

calculations in diagonal way and after calculation best one is selected.  

  

aŀǘŎƘ wŜǿŀǊŘǎ     Ґ        мл 
aƛǎƳŀǘŎƘ ǇŜƴŀƭǘȅ Ґ      н 

DŀǇ ǇŜƴŀƭǘȅ            Ґ      р 

 /   ¢   D    ¢    /   D   ς   /   ¢   D    / 

   -    ¢   D    /    ς   /   D   ς   ¢   D     - 

-р мл мл  -н   -р  -н  -р  -р    мл  мл   -р 
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Module 024: NEEDLEMAN WUNSCH ALGORITHM-I 
In two different sequences alignments are arranged in a diagonal pattern of dot matrix. Total 

scores are captured for each alignment and at the end the best one is selected.  

Needleman Wunsch Algorithm is the way for alignment. The method is same like dot plot but it 

computes the scores in different way. We Start with a zero in the second row, second column. 

Move through the cells row by row, calculating the score for each cell.  

The score is calculated as the best possible score (i.e. highest) from existing scores to the left, 

top or top-left (diagonal). When a score is calculated from the top, or from the left this 

represents an indel in our alignment. When we calculate scores from the diagonal this 

represents the alignment of the two letters the resulting cell matches to. Given there is no 'top' 

or 'top-left' cells for the second row we can only add from the existing cell to the left. Hence we 

add -1 for each shift to the right as this represents an indel from the previous score. This results 

in the first row being 0, -1, -2, -3, -4, -5, -6, and -7. The same applies to the second column as 

we only have existing scores above. Thus we have: 

https://en.wikipedia.org/wiki/Needleman%E2%80%93Wunsch_algorithm  

 

 

 

 

 

 

Figure 11 Needleman-Wunsch pairwise sequence alignment 

https://en.wikipedia.org/wiki/Needleman%E2%80%93Wunsch_algorithm
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Figure 12 Needleman wunsch algorithm way of computation of nucleotides 
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Module 025: NEEDLEMAN WUNSCH ALGORITHM-II 
Alignments are represented by unbroken diagonal dot matrix plot. In this way we can create 

numerous combinations.  

 

Figure 13   various combinations of sequences through dot plot 

If the sequence is too long then there will be many diagonal alignments and at the end we 

select the best alignment by combinations of all.  And for this we use Needleman Algorithm 

In Needleman Algorithm we use 0, 0 in first row and first column.  

 

 

 

 

 

 

 

Figure 14 initial column and row are kept zero (0) 

Left to right and top to bottom the best element (having high score) is selected.  
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Figure 15 maximum score element is selected from all three sides comparison 

 

The terms for match, mismatch are: 

 

 

 

 

 

 

 

 

The matrix is computed progressively until the bottom right element  

 

  

   !ƭǇƘŀ Ґ aŀǘŎƘ ǊŜǿŀǊŘ 
      .Ŝǘŀ Ґ aƛǎƳŀǘŎƘ ǇŜƴŀƭǘȅ 

  DŀƳƳŀ Ґ DŀǇ ǇŜƴŀƭǘȅ 
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Module 026: NEEDLEMAN WUNSCH ALGORITHM-III 
We follow the diagonal route for scoring in Needleman Wuncsh Algorithm.  Left to right and top 

to bottom in diagonal way we select the highest score.  

 

Figure 16 filling order of sequence alignment 

 

We select the best score to make best alignment and matrix is computed progressively until we 

reach to the bottom right.  
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Module 027: NEEDLEMAN WUNSCH ALGORITHM EXAMPLE  
Top left and diagonal element are considered to calculate an element in the matrix. Match, 

mismatch and gap penalty is computed from all there sides (Left to right) (Top to bottom) and 

(Diagonal). 

 

For example: 

 

Figure 17 score computation from all sides 
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Figure 18 the best score is computed in diagonal way 

 

DNA, RNA and Protein sequences can be computed by using Needleman algorithm.  
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Module 028: BACKTRACKING ALIGNMENTS 
To find an optimal alignment in Needleman Wunsch Algorithm we use traceback method. 

 

Figure 19 traceback method starts from end maximum score. 

 

After completely matrix calculations we apply traceback to find the optimal alignment and 

traceback starts from bottom right (maximum score) to top side. 
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Module 029: REVISITING LOCAL AND GLOBAL ALIGNMENTS 
We use Needleman Algorithm to align the sequences in scoring way and traceback method to 

find the optimal alignment.  

In Needleman Algorithm we start traceback from bottom right towards top left progressively 

and this provides us the global alignment.  

 

Figure 20 Traceback in Needleman Algorithm 

 

We can start traceback from any point in matrix and smith waterman algorithm helps elicit the 

local alignments.  
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Module 030: OVERLAP MATCHES 
Dot plot and Needleman wucsch are algorithm method with little difference. Dot plot help us in 

finding matching residues of two sequences while Needleman wunsch helps us to find the 

global alignments.  

If some sequences have different regions of nucleotides which does not match to any other for 

that alignment we prefer Global alignment not local, but that does not penalize leading or 

trailing end. 

 

 

Figure 21 leading and trailing edge mismatches versus global alignment by gap-insertion (stretching) of sequences 

 

!ƴŘ ά¢ǊŀŎŜōŀŎƪέ ƛǎ ǘƘŜ ǘŜŎƘƴƛǉǳŜ ōȅ ǿƘƛŎƘ ǿŜ Ŏŀƴ ŎƘŜŎƪ ǘƘŜ ǎŜǉǳŜƴŎŜǎ ŦǊƻƳ ŀƴȅ ŜƴŘ ƻŦ ǘƘŜ 

ƳŀǘǊƛȄ ōƻȄΦ !ƴŘ ǎǳŎƘ ά¢ǊŀŎŜōŀŎƪǎέ ƘŜƭǇǎ ǳǎ ǘƻ ŦƛƴŘ ǘƘŜ ƻǾŜǊƭŀǇǎ ƛƴ ŀƭƛƎƴŜŘ ǎŜǉǳŜƴŎŜǎΦ  

 

 

 

 

 

 

 

 

Figure 22 Traceback method 
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Module 031: EXAMPLE  
A slight variation in traceback can helps us to find the overlaps in sequences and can apply 

some interesting strategies in sequences alignments.  

In following example of amino acids alignment we can understand the ways of tracback. 

 

Figure 23 Traceback in amino acid sequence alignment 

Scoring stagey is: 

 

Sequences are:  

 

  

aŀǘŎƘ Ґ ҌнΦ aƛǎƳŀǘŎƘ Ґ -мΣ DŀǇ Ґ -н 
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Module 032: MOVING FROM GLOBAL TO LOCAL ALIGNMENT  
5b! Ƙŀǎ ŎƻŘƛƴƎ ŀƴŘ ƴƻƴŎƻŘƛƴƎ ǊŜƎƛƻƴǎΦ /ƻŘƛƴƎ ǊŜƎƛƻƴǎ ŀǊŜ ŎŀƭƭŜŘ ά9·hbέ ŜȄǇǊŜǎǎŜŘ ŀǎ ǇǊƻǘŜƛƴ 

and they remain more conserved due to their role in making functional proteins.  

!ƴŘ ƴƻƴŎƻŘƛƴƎ ǊŜƎƛƻƴǎ ƻŦ 5b! ŀǊŜ ŎŀƭƭŜŘ ŀǎ άLb¢whb{έ ǿƘƛŎƘ ŀǊŜ more likely involved in 

mutations than coding ones. It means high degree of alignment can be find among two exons.  

In local alignment we use small segments of sequences and through which we can find exons. 

¢ƘǊƻǳƎƘ ǘƘƛǎ ǿŜ Ŏŀƴ ŦƛƴŘ άŦǳƴŎǘƛƻƴŀƭ ǎǳōǳƴƛǘǎέΦ  

However, the term exon is often misused to refer only to coding sequences for the final protein. 

This is incorrect, since many noncoding exons are known in human genes. 

(Zhang 1998) 

Zhang, M. Q. (1998). "Statistical features of human exons and their flanking regions." Human 
molecular genetics 7(5): 919-932. 
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Module 033: SMITH WATERMAN ALGORITHM 
In global alignment we compare the sequence from end to end but in local alignment we 

compare the sequences in segments.  

For Global sequences we use Needleman and Wunsch algorithm while for local pairwise 

alignment we use Smith and waterman. 

 

 

 

 

 

 

 

 

 

 

 

The Smith Freshman algorithm is different from Needle man. 

ü Top row and Colum are set to zero. 

ü Alignment can end anywhere.  

ü Traceback starts from highest score.  

Local alignments can identify the coding portions of DNA and in this way we can find the 

functional domains from protein sequences.  

  

Figure 24 Global and local sequence alignment comparison. 
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Module 034: EXAMPLE OF SMITH WATERMAN ALGORITHM 
 ¢ƘŜ ƻƴƭȅ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ bŜŜŘƭŜƳŀƴ ŀƴŘ {ƳƛǘƘ ²ŀǘŜǊƳŀƴ ƛǎ ǘƘŀǘ ȊŜǊƻ άлέ ƛǎ ǇƭŀŎŜŘ ƛƴ ǘƘŜ 

relationship.  

                           [ ]
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And in the matrix we place top line of zero and first Colum of zero. 

 

Figure 25 top line and first Colum are filled with zero in Smith Freshman Algorithm 

 

[ƻŎŀƭ ŀƭƛƎƴƳŜƴǘǎ Ŏŀƴ ōŜ ŜȄǘǊŀŎǘŜŘ ōȅ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ŀ ƘƛƎƘ ǎŎƻǊŜ ǘƛƭƭ ǊŜŀŎƘƛƴƎ ΨлΩ 
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Module 035: REPEATED ALIGNMENTS  
We can find the best local alignments by using Smith Waterman algorithm. 

By making some change in strategy of traceback we can find the repeated sequences. 

²Ŝ ǳǎŜ ǘƘǊŜǎƘƻƭŘ ά¢έ ǎŎƻǊŜ ŦƻǊ ƳŀǘŎƘƛƴƎ ŀƴŘ ƛǘ ŀǾƻƛŘǎ ƭƻǿ ǎŎƻǊƛƴƎ ƭƻŎŀƭ ŀƭƛƎƴƳŜƴǘΦ !ƴŘ 

traceback can help us to find multiple aligned regions in multiple ways.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27 (-5) is threshold score in table 

This threshold scoring method with some modifications in waterman algorithm can help us to 

find many matching sequence of amino acids or DNA.  
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Module 036: EXAMPLES OF REPEATED ALIGNMENTS  
 

Slight modification in waterman model can help us to find the Exons as well as the functional 

units in any sequence. Matches should be end at the threshold score or we should keep track of 

maximum score in sequence.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 Trackback from different sides to find maximum or Threshold (T) Score. 

Traceback should start from last element of the row and should reach at the top of row 

element and then move to the highest score of the Column.  And this traceback is done twice 

and eƴŘ ŀǘ ǘƘŜ Ǉƻƛƴǘ ǿƘŜǊŜ ǎŎƻǊŜ ōŜŎƻƳŜ άл, 0έ 
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Module 037: INTRODUCTION TO SCORING ALIGNMENTS 
There are two types of alignments; 

ü Optimal Alignments 

ü Best Alignment 

 

Scoring scheme used in sequences matches play crucial role in producing optimal alignment. An 

optimal alignment should be: 

ü Appropriately rewarded for matches and mismatches. 

 

¶ INTRODUCTION 

We identify the pairs of symbol which most frequently appear in a sequences it helps us to find 

the substitution of specific pair of amino acid or nucleotide with other on in a sequence.  

For example AA nucleotide have a specific pattern of substitution. And same pairs of amino 

acids does in protein sequences because it can help to preserve the function of protein.  

 

¶ CONCLUSION 

Statically we can better align any sequence of protein or DNA, optimal gaps, penalties, 

insertions and deletions can be computed statically better.  
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Module 038: MEASURING ALIGNMENTS SCORES 
Score of match and mismatch both are equally observed while sequence alignments.  

For example: 

 

 

 

 

 

 

 

 

 

 

 

The matrix has positive and negative scores both, matches and mismatches therefore are all 

ŎƻƴǎƛŘŜǊŜŘ ōŜŎŀǳǎŜ ƛǘΩǎ ŀ ŘƛŀƎƻƴŀƭ ǇŀǘǘŜǊƴΦ 

If we build such scoring matrixes with matches and mismatches we can we can sequence in 

according to real life.  

  

  

Figure 29 Needleman wunsch algorithm match, mismatch scoring 
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Module 039: SCORING MATRICES  
Alignments are used to align the biological sequences. Amino acids and nucleotides are more 

easily substituted because they have similar chemical nature.  

As ŀƳƛƴƻ ŀŎƛŘǎ ŀǊŜ ǎǳōǎǘƛǘǳǘŜŘ ǿƛǘƘ Ƴŀƴȅ ǇǊƻōŀōƛƭƛǘƛŜǎ ǘƘŀǘΩǎ ǿƘȅ ǿŜ ƴŜŜŘ ŦƭŜȄƛōƭŜ ǎŎƻǊƛƴƎΦ !ƴŘ 

we use Scoring Matrices contain such flexible scoring during alignment.  

To build the Scoring Matrices we analyze the amino acids and nucleotides which are substituted 

in single gene and protein sequence.    

Scoring Matrices have both values +ve and ςve. Positive value for matches and negative value 

for mismatches.  

 

Figure 0.12 Ubiquitin Protein where amino acids matching  

 

Different type of scoring matrices can be developed based on underlying strategy.  
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Module 040: DERIVING SCORING MATRICES  
Each amino acid have different property.  

 

Figure 0.13 properties of amino acids (Image Esquivel et al. (2013) 

 

And each amino acid have different frequency.  

 

 

When we compare the sequences they match and mismatch according to their frequency.  

For example.  

 

 

https://amit1b.files.wordpress.com/2012/09/venn-diagram.png
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Based on frequencies we match and mismatch the sequence alignments for scoring.  
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Module 041: PAM MATRICES  
Alignment matrices scoring is very useful method to score the sequences alignment for match 

and mismatch.  

There are two types of scoring matrices.  

ü PAM 

ü BLOSUM  

t!a ƳŜŀƴǎ άtƻƛƴǘ !ŎŎŜǇǘŜŘ aǳǘŀǘƛƻƴέ  

Point accepted mutations means the substitution of one amino acid in a sequence with another 

that protein function remain conserved.  

¶ PAM UNIT 

 PAM unit is actually that time during which 1% amino acid undergo for acceptable mutation. If 

two sequences diverge by 100 PAM units, it does not mean that they will be at totally different 

positions. 

¶ STEP TOCOMPUTE PAM MATRICES  
1. Align the protein sequence which are 1-PAM Unit diverge. 

2. Let Ai,i be the number of times Ai is substituted by Ai. 

3. Compute the frequency fi of amino acid Ai. 

Then, PAM1=pii=  

        t!a ΨƴΩҐ όt!aмύn 
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Module 042: BLOSUM MATRICES  
BLOSUM matrices can be used to align the protein sequences. BLOSUM matrices was first 

purposed in 1992 by Henikoff et al.  

 

BLOSUM matrices is also called the Block substitution matrix without any gap although it has 

mismatches in sequences.  

 

 

 

 

 

 

 

 

 

There are three steps to compute the BLOUSM Matrices.  

Step 1: Eliminate sequences that are identical in x% positions 

Step 2: Compute observed frequency f i, j of aligned pair Ai to Aj. Hence, f i,j becomes the 

probability of aligning Ai and Aj in the selected blocks. 

Step 3: Compute fi which is the frequency of observing Ai in the entire block 

 

 

 

 

 

  

Typically used matrices: BLOSUM62 or PAM120 in PAMx, larger x detects more divergent 

sequences. 

  

Figure 0.14 sequence of amino acids which have mismatch but no gap. 

Figure 0.15 formula for computation of BLOSUM MATRICES. 
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Module 043: MULTIPLE SEQUENCE ALIGNMENT 
In pair wise sequence alignments we use pairs of sequence to compare them. And scoring 

matrices were used to score the sequence ranks.  

In Multiple sequence Alignments we compare multiple number of protein and DNA sequences 

to identify the matches and mismatches.  

 

 

 

 

 

 

 

 

 

For pair wise alignment we use Dynamic programming but for multiple alignment it would be 

very expensive computationally. So solution for this is progressive alignment.  

  

a v ± Y [ C ¢ t [ I 5 Y { 5 I D Y ¸ I 

a v ± Y L C ¢ t [ I 5 Y { - I D Y { I 

a v ± I [ ¸ - t [ I 5 Y { - ¢ D Y { I 

a v ± I [ C - t [ I 5 Y { 5 ¢ D Y { I 

a v ± Y [ ¸ ¢ t [ I 5 Y { 5 I D Y ¸ IFigure 0.16 multiple sequence alignment 
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Module 044: MORE ON MULTIPLE SEQUENCE ALIGNMENT 
MSA helps compare several sequences by aligning them. MSA can extract consensus sequences 

from several aligned sequences. Characterize protein families based on homologous regions.  

APPLICATION OF MSA 

ü Predict secondary and tertiary structures of new protein sequences 

ü 9ǾŀƭǳŀǘŜ ŜǾƻƭǳǘƛƻƴŀǊȅ ƻǊŘŜǊ ƻŦ ǎǇŜŎƛŜǎ ƻǊ άtƘȅƭƻƎŜƴȅέ 

 

METHODOLOGY 

ü Pairwise alignment is the alignment of two sequences 

ü MSA can be performed by repeated application of pairwise alignment 

 

Figure 0.17 Methodology 
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Figure 0.18 sequence alignments 

CONCLUSION  

MSA can help align multiple sequences. Progressive alignment can help perform MSA. Need to 

remove sequences with >80% similarity. 

 

Figure 0.19 CLUSTAL ς Online tool  

http://www.ebi.ac.uk/Tools/msa/clustalo/  

 

  

http://www.ebi.ac.uk/Tools/msa/clustalo/
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Module 045: PROGRESSIVE ALIGNMENT FOR MSA  
MSA involves progressive alignment of sequences. Doing so many progressive alignments can 

be slow. 

STEPS: 

ü Step 1 : Pairwise Alignment of all sequences 

Example:  S1, S2, S3, S4, so that is 6 pairwise comparisons. 

ü Step 2: Construct a Guide Tree (Dendogram) using a Distance Matrix. 

 

  

 

ü Step 3: Progressive alignment following branching order in tree. 

 

Figure 0.20 Similarity Matrix 

 

¶ SHORTCOMING OF THIS APPROACH 



Handout Chapter 02: Sequence Analysis 

Page 75 of 320 
 

ü Dependence upon initial alignments 

ü If sequences are dissimilar, errors in alignment are propagated 

ü Solution: Begin by using an initial alignment, and refine it repeatedly 

 

Progressive alignments are used in aligning multiple sequences. Iterative approaches can help 

refine results from progressive alignments. 
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Module 046: MSA-EXAMPLE   
MSA involves progressive alignment of sequences. Doing so many progressive alignments can 

be slow. 

For example: 

 

Figure 0.21 MSA on globin sequences 
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Figure 0.22 Progressive alignment using sequential branching 

 

Figure 0.23 Progressive alignment following a guide tree 
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Figure 0.24 Alignment results 

MSA can be better performed using clustering strategies followed by alignment of the 

alignments later. CLUSTAL is a free online tool that does all of this for us! 
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Module 047: CLUSTALW 
MSA involves progressive alignment of sequences. Doing so many progressive alignments can 

be slow. CLUSTALW is an online tool to perform MSA. 

Developed by European Molecular Biology Laboratory & European Bioinformatics Institute. 

Performs alignment in: 

¶ slow/accurate  

¶ fast/approximate 

SCOPE  

¶ create multiple alignments,  

¶ optimize existing alignments,  

¶ profile analysis & 

¶ create phylogenetic trees  

http://www.genome.jp/tools/clustalw 

http://www.genome.jp/tools/clustalw
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Module 048: INTRODUCTION TO BLAST-I 
National Center for the Biotechnology Information (NCBI) ς USA. BLAST developed in 1990. 

ά.ŀǎƛŎ [ƻŎŀƭ !ƭƛƎƴƳŜƴǘ {ŜŀǊŎƘ ¢ƻƻƭέΦ Searches databases for query protein and nucleotide 

sequences. Also searches for translational products etc. Online availability  

www.blast.ncbi.nlm.nih.gov/Blast.cgi  

 

http://www.blast.ncbi.nlm.nih.gov/Blast.cgi
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BLAST can be used to search for local alignment of protein and nucleotide sequences. It is 

available online. Can perform searches across species and organisms 
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Module 049: INTRODUCTION TO BLAST-II 
National Center for the Biotechnology Information (NCBI) ς USA. BLAST developed in 1990. 

ά.ŀǎƛŎ [ƻŎŀƭ !ƭƛƎƴƳŜƴǘ {ŜŀǊŎƘ ¢ƻƻƭέΦ Searches databases for query protein and nucleotide 

sequences. Also searches for translational products etc. Online availability  

www.blast.ncbi.nlm.nih.gov/Blast.cgi   

Smith Waterman can align complete sequences. BLAST does it in an approximate way. Hence, 

BLAST is faster BUT does not ensure optimal alignment. BLAST provides for approximate 

sequence matching. Input to BLAST is a FASTA formatted sequence and a set of search 

parameters 

 

OUTPUT OF BLAST 

Results are shown in HTML, plain text, and XML formats. A table lists the sequence hits found 

along with scores. Users can read this table off and evaluate results 

 

Figure 0.25Input to BLAST: Gene IDs 

http://www.blast.ncbi.nlm.nih.gov/Blast.cgi
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Figure 0.26 Input to BLAST: Protein IDs 

 

Figure 0.27 Results from BLAST 
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Module 050: BLAST ALGORITHM  
BLAST can search sequence databases and identify unknown sequences by comparing them to 

the known sequences. This can help identify the parent organism, function and evolutionary 

history. 

For example: 

Query sequence: PQGELV 

Make list of all possible worlds (length 3 for proteins) 

PQG (score 15) 

QGE (score 9) 

GEL (score 12) 

ELV (score 10) 

Assign scores from Blosum62, use those with score> 11: PQG & GEL  

Mutate words such that score still > 11 

PQG (score 15) similar to PEG (score 13) 

At the end, we get: PQG, GEL and PEG 

Find all database sequences that have at least 2 matches among our 3 words:  PQG, GEL & PEG. 

Find database hits and extend alignment (High-scoring Segment Pair): 

 

High Scoring Pair: PQGI (score 8+5+5+2) 

 If 2 HSP in query sequence are < 40 positions away 

 Full dynamic alignment on query and hit sequences 

BLAST performs quick alignments on sequences. The results are tabulated with alignment 

regions overlapping each other. Statistical evaluation is also provided alongside 
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Module 051: TYPES OF BLAST 

 
BLAST can search sequence databases and identify unknown sequences by comparing them to 

the known sequences. This can help identify the parent organism, function and evolutionary 

history. 

There are two main types of BLAST. 

Nucleotides 

Å Blastn: Compares a nucleotide query sequence against a nucleotide database. 

Proteins  

Å Blastp: Compares an amino acid query sequence against a protein database. 

There are also many other types of BLAST: 

¶ Blastx:  
Compares a nucleotide query sequence against a protein sequence database. 

Helps find potential translation products of unknown nucleotide sequences 

¶ tblastn: 
 Compares a protein query sequence against a nucleotide sequence database 

Nucleotide sequence dynamically translated into all reading frames 

¶ tblastx: 
 Compares the six-frame translated proteins of a nucleotide query sequence against the six-

frame translated proteins of a nucleotide sequence database.  

Å BLAST performs quick alignments on biological sequences 

  

Å Several types of BLAST exist which can assist in comparing nucleotide sequences 

with amino acids and vice versa 
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Module 052: SUMMERY OF BLAST 
BLAST can search sequence databases and identify unknown sequences by comparing them to 

the known sequences. This can help identify the parent organism, function and evolutionary 

history. 

Step1: obtain a query of sequence  

 

Step2: choose a type of BLAST 
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Step3: search parameter  

 

 

 Step4: tabulated search results  
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Figure 0.28 tabulated search results 

 

 

  



Handout Chapter 02: Sequence Analysis 

Page 91 of 320 
 

Module 053: INTRODUCTION TO FASTA  
For comparing two sequences we use pair wise sequencing and for the comparison of many 

sequences we use multiple sequence alignment. To handle the multiple alignments we perform 

alignment through smith-waterman algorithm for local one. And for global alignment we use 

Needleman-wunsch   algorithm. 

Both local and global alignments are the dynamic approaches. Many of the sequences are 

compared, which takes time and we use BLAST which is an approximate local alignment search 

tool BLAST compares a large number of sequences, quickly. FASTA took a similar approach. 

Developed in 1988.it does Fast Alignment .Searches databases for query protein and nucleotide 

sequences. Was later improved upon in BLAST. 

 

Figure 0.29 Regions of absolute identity 

 

 

 

 

 

 

 

 

 

http://www.ebi.ac.uk/Tools/sss/fasta/  

 

http://www.ebi.ac.uk/Tools/sss/fasta/
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Figure 0.30 Nucleotide FASTA 

Figure 0.31 Protein FASTA 
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Module 054: INTRODUCTION TO FASTA-II 

 
FASTA ς Fast Alignment Algorithm. Classical global and local alignment algorithms are time 

consuming. FASTA achieves alignment by using short lengths of exact matches. 

¶ USES OF FASTA  
 
FASTA relies on aligning subsequences of absolute identity. Input to FASTA search can be in 

FASTA, EMBL, GenBank, PIR, NBRF, PHYLIP or UniProt formats 

¶ OUTPUT OF BLAST 
  

Results are output in visual format along with functional prediction. Makes table lists the 

sequence hits found along with scores. Users can click on each reported match to look at the 

details. 

 

Figure 0.32 Input to FASTA: Gene IDs 
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Figure 0.33 Input to FASTA: Protein Sequence 

 

Figure 0.34 Results from FASTA 
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Module 055: FASTA ALGORITHM 

 

FASTA can search sequence databases and identify unknown sequences by comparing them to 

the known sequence databases. This can help obtain information on the parent organism, 

function and evolutionary history. 

STEP1: Local regions of identity are found 

 

 

STEP2: Rescore the local regions using PAM or BLOSUM matrix 

 

 

  

 

 

STEP3: Eliminate short diagonals below a cutoff score 
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STEP4: Create a gapped alignment in a narrow segment and then perform Smith Watermann 

alignment 
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Module 056: TYPES OF FASTA  

 

There are six types of FASTS: 

¶ fasts35 

Compare unordered peptides to a protein sequence database 

¶ fastm35 

Compare ordered peptides (or short DNA sequences) to a protein (DNA) sequence database 

¶ Fasta35 

Scan a protein or DNA sequence library for similar sequences 

¶ Fastx35 

Compare a translated DNA sequence (6 ORFs) to a protein sequence database 

¶ tfastx35 

Compare a protein sequence to a DNA sequence database (6 ORFs)  

¶ fasty35 

Compare a DNA sequence (6ORFs) to a protein sequence database 

 

FASTA performs quick alignments on biological sequences. Several types of FASTA exist which 

can assist in comparing DNA/RNA/Protein sequences with each other 
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Module 057: SUMMERY OF FASTA  

 

FASTA can briskly perform sequence search databases if given a query sequence. Multiple types 

of FASTA exist which assist in aligning DNA/RNA/Protein sequences 

 

 

Figure 0.35 Step 1: Obtain a query sequence 
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Figure 0.36 Step 2: Choose a type of FASTA 

 

Figure 0.37 Type of FASTA 

http://fasta.bioch.virginia.edu/fasta_docs/fasta35.shtml  

http://fasta.bioch.virginia.edu/fasta_docs/fasta35.shtml
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Figure 0.38 Step 3: Setup Search Parameters 

 

Figure 0.39 Step 4: Tabulated Search Results 
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Figure 0.40 Tabulated data 
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Module 058: BIOLOGICAL DATABASE AND ONLINE TOOLS 

 

All molecular information of RNA, DNA, Proteins have need to be stored and retrieved. 
Sequences are obtained from genome sequencing and mass spectrometry 

Structures are obtained from X-Ray Crystallography, Atomic Force Microscopy & Nuclear 

Magnetic Resonance Spectroscopy. 

Vast amounts of such data exists. Moreover, this data is rapidly accumulating. Online Databases 

are formed to store and share this data. 

 

¶ OBJECTIVE  
 

ü Make biological data available to scientists in computer-readable form 
ü For handling, sharing and analysis of the data 
ü The best way to share is to keep this data on the web 

 

 

Several sequence, structure and molecular interaction databases exist. These are available 

online on the web. Users can freely access and download such data 
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Module 059: EXPASY  

 

It is developed by Swiss Bioinformatics Institute (SIB). Website provides access to databases and 

tools Proteomics, genomics, phylogeny, systems biology, population genetics, transcriptomics 

etc. can be searched. 

http://www.expasy.org/   

 

 

http://www.expasy.org/
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Figure 0.41 flowchart 
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Figure 0.42 prosite scanning section 
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Figure 0.43 peptide mass finding 
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Figure 0.44 for local use of protein sequencing 
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Figure 0.45 potential protein finding tool 
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Module 060: UNIPROT AND SWISSPROT 

 

Both UniProt and SwissProt are the online database for proteins.  

 

Figure 0.46 gene, protein or chemical can be find 
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Figure 0.47 online database for proteins 

 

Swiss-Prot contains human curated protein information 

ü  Accession number, unique identifier  

ü  The sequence  

ü  Molecular mass 

ü  Observed and predicted modifications 

 

 

 

Protein sequences from various species and organisms can be found in uniprot. SwissProt is the 

manually annotated version of the UniProt Database.  
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Module 061: PROTEIN DATA BANK 

 

Protein Data Bank is the premier resource of protein structures. These structures have been 

determined using experimental techniquesΦ LǘΩǎ Open & Free 

 

 

Figure 0.48 protein data bank 

 

Figure 0.49 P0CG47 - UBB_HUMAN 
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Figure 0.50 P0CG47 - UBB_HUMAN 

 

Figure 0.51 searched results 

 

Protein Data Bank provides Cartesian coordinates of each atom in the protein structure.  Over 

50,000 protein structures are reported and present in this database 
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Module 062: REVIEW OF SEQUENCE ALIGNMENT  

 

We use next generation sequencing and whole genome sequencing to obtain the genetic 

information. For protein sequencing we use Mass Spectrometry and Edman Degradation 

 

STORAGE: 

ü Sequence information is stored digitally 

ü Databases are designed to store sequence data 

ü Several databases exist depending on the type of sequence data 

 

SHARING AND ACCESS:  

ü Sequence databases are shared via online websites 

ü Access to several such websites is free 

ü Data can be downloaded or searched on these website 

 

USAGE OF DATA: 

Sequence data can be used to obtain: 

ü Similarity of sequences 

ü Evolutionary History 

ü Predict the function of molecules 

 

  



Handout Chapter 02: Sequence Analysis 

Page 115 of 320 
 

Module 063: GENBANK 

 

ü Developed by Swiss Bioinformatics Institute (SIB) 

ü Website provides access to databases and tools  

ü Proteomics, genomics, phylogeny, systems biology, population genetics, transcriptomics 

etc. 

 

 

Figure 0.52 http://www.ncbi.nlm.nih.gov/genbank/  

 

Several sequence, structure and molecular interaction databases exist. These are available 

online on the web. Users can freely access and download such data 

 

http://www.ncbi.nlm.nih.gov/genbank/


Handout Chapter 02: Sequence Analysis 

Page 116 of 320 
 

Module 064: ENSEMBLE  
!ǎ ƘǳƳŀƴ ōǊŀƛƴ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ǊŜƳŜƳōŜǊ ŀƴŘ ǎǘƻǊŜ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ƭƻƴƎ ǘƛƳŜ ǘƘŀǘΩǎ ǿƘȅ ǿŜ 

use online database for the storage of Molecular information.  

ESEMBLE is genome search engine which is used to search the genome of every recorded 

species.  

 

http://asia.ensembl.org/index.html  

http://asia.ensembl.org/index.html









































































































































































































































































































































































































