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Abstract

Sequence alignment is a crucial tool in bioinformatics used to compare and analyse genetic

sequences such as DNA and protein sequences. This technique involves aligning two or

more sequences to identify similarities and differences, which can provide valuable

information on the evolutionary relationship between species, identify disease-causing

mutations, and design new drugs. This article provides a historical background of sequence

alignment, its definition, and various algorithms, percentage and scoring matrices methods,

online bioinformatics tools, and the motives for its use in biology, biotechnology, mutations

discovery and disease fighting.
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Introduction

The advent of sequencing techniques has brought about a revolution in biology by allowing scientists

to obtain and analyse genetic information on an unprecedented scale. However, sequencing a gene or

protein alone does not provide enough information to fully understand its function or evolution.

Sequence alignment has a long history dating back to the 1960s when Margaret Dayhoff introduced

the concept of protein sequence alignment (Dayhoff et al. ,1966). Dayhoff was a pioneer in the field of

bioinformatics and developed the first comprehensive database of protein sequences, which led to the

creation of the first scoring matrix for sequence alignment, the PAM matrix (Durbin et al., 1998). Since

then, numerous algorithms have been developed to compare sequences, including dynamic

programming, heuristic methods, and probabilistic methods.

Sequence alignment is a fundamental tool in bioinformatics used to compare and analyse genetic

sequences such as DNA and protein sequences. This technique involves aligning two or more

sequences to identify similarities and differences, which can provide valuable information on the

evolutionary relationship between species, identify disease-causing mutations, and design new drugs.

This article provides a historical background of sequence alignment, its definition, and various

algorithms, percentage and scoring matrices methods, online bioinformatics tools, and the motives for

its use in biology, biotechnology, mutations discovery, and disease fighting.

There are two main types of sequence alignment: pairwise alignment and multiple sequence

alignment. Pairwise alignment involves comparing two sequences, while multiple sequence alignment

involves comparing more than two sequences. Dynamic programming, heuristic methods, and

probabilistic methods are commonly used algorithms for sequence alignment. Percentage and scoring

matrices methods are used to evaluate the quality of an alignment. The most widely used scoring

matrices are BLOSUM and PAM matrices.

Bioinformatics tools, such as Basic Local Alignment Search Tool (BLAST, Altschul et al.,1990) and

ClustalW, are widely used for sequence alignment. Sequence alignment has a wide range of

applications in biology, biotechnology, and disease diagnosis. By aligning sequences, scientists can

create phylogenetic tree to help infer evolutionary relationships, identify disease-causing mutations,

design new drugs, and analyse the structure and function of proteins.

Methods

Algorithms:

Sequence alignment can be performed using different algorithms, each with its advantages and
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disadvantages. The most common algorithms include pairwise alignment, multiple sequence

alignment, and global and local alignment.

Pairwise alignment compares two sequences to identify regions of similarity and difference. The

algorithm is based on the dynamic programming method, which calculates the optimal alignment

score by assigning scores to each match, mismatch, and gap. The Needleman-Wunsch algorithm

(Needleman & Wunsch, 1970) and the Smith-Waterman algorithm (Smith & Waterman, 1981) are two

commonly used dynamic programming algorithms, Figure 1.

Figure 1. Pairwise sequence alignment in which two sequences are aligned. Types of algnment are highlighted;

Local and Global.

Multiple sequence alignment, on the other hand, aligns more than two sequences and allows

researchers to identify conserved regions among them. The algorithm is based on the progressive

alignment method, which aligns sequences pairwise and then combines them into a multiple sequence

alignment. The ClustalW and Clustal Omega algorithms are widely used for multiple sequence

alignment, Figure 2.

Figure 2. Multiple sequence alignment in which more than a pair of sequences are aligned.

This type of algnment exposes the positions and variations of amino acids or nucliec acids substitution between

a number of seqeunces of proteins or genes. This helps to discover conserved regions in different species

amongst other important conclusions.
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Global alignment aligns the entire sequence, while local alignment aligns only the most similar regions.

The global alignment algorithm is used to compare two sequences with similar lengths and regions of

high similarity. The local alignment algorithm is used to identify similar regions in sequences with

different lengths, see also Figure 1.

Percentage and Scoring Matrices Methods:

Scoring matrices are used to calculate the similarity between sequences (Durbin et al., 1998). The most

widely used scoring matrices are the PAM and BLOSUM matrices. The PAM matrix was developed by

Margaret Dayhoff in the 1970s and is based on the evolutionary distance between protein sequences.

The BLOSUM matrix, on the other hand, is based on the observation that highly conserved regions in

proteins are more functionally important than less conserved regions.

Percentage identity is a measure of the similarity between two sequences, expressed as a percentage

of identical residues in the aligned sequences. It is calculated by dividing the number of identical

residues by the total number of residues in the aligned sequences, Figure 3.

Figure 3. BLAST alignment output showing a number of alignment evaluation terms including identifies and

postives percentage and score value based on BLOSUM scoring matrix.

Motives for Biology, Biotechnology, and Disease Fighting:

Sequence alignment has numerous applications in biology, biotechnology, and disease fighting. In

biology, sequence alignment is used to study the evolutionary history of species and identify

conserved regions in proteins that may have functional significance. In biotechnology, sequence

alignment is used to design new drugs, enzymes, and vaccines based on conserved regions in proteins.

In disease fighting, sequence alignment is used to diagnose genetic diseases and identify potential

targets for drug development.
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Looking at the recent COVID-19 pandemic, the case of SARS-CoV-2, the virus responsible for the

disease, sequence alignment has played a critical role in both understanding the virus and developing

vaccines and antiviral drugs.

Firstly, sequence alignment has helped researchers to identify the genetic makeup of SARS-CoV-2 and

compare it to other related viruses, such as SARS-CoV-1 and MERS-CoV. By aligning the genetic

sequences of these viruses, researchers have been able to identify similarities and differences between

them, which has provided insights into the origins, transmission, and virulence of SARS-CoV-2

(Grubaugh et. al., 2020).

Furthermore, sequence alignment has been used to identify the specific proteins and epitopes (i.e.,

small protein fragments that can elicit an immune response) that are most important for developing

effective vaccines and antiviral drugs against SARS-CoV-2 (Walls et. al., 2020). For example, by

aligning the sequences of the SARS-CoV-2 spike protein with those of related viruses, researchers have

been able to identify mutations in the regions of the spike protein that are most likely to elicit an

immune response, and these regions have been targeted in the development of several COVID-19

vaccines (Rachedi, 2020), Figure 4.
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Figure 4. Table highlighting a number of mutations in the Spike gene that distincted the different variants of the

SARS-CoV-2 responsible for the COVID-19 disearse

See: https://bioinformaticstools.org/viruses/CoV-2_VrntGnms.php

In addition to vaccine development (Callaway, 2020), sequence alignment has also been used to

identify potential drug targets for SARS-CoV-2 (Zhou et. al., 2020). For example, by aligning the

genetic sequences of SARS-CoV-2 with those of related viruses, researchers have been able to identify

conserved regions of the virus that may be vulnerable to targeting by antiviral drugs. One example is

the main protease (Mpro) enzyme, which is essential for the replication of SARS-CoV-2 and is highly

conserved among coronaviruses. By aligning the Mpro sequences from different coronaviruses,

researchers have been able to identify potential drug candidates that can inhibit Mpro and block viral

replication.

Phylogenetic Trees:

Sequence alignment plays a crucial role in creating phylogenetic trees, which are diagrams that

illustrate the evolutionary relationships among different species or groups of organisms. By comparing

the DNA or protein sequences of different species, scientists can construct phylogenetic trees to study

the evolutionary history of those species (Yang, 1997).

Phylogenetic trees are created by analyzing the similarities and differences in the DNA or protein

sequences of different species. This analysis involves comparing the sequences and identifying

similarities or differences between them. Once the similarities and differences are identified, scientists

can use this information to construct a tree that shows how the different species are related to each

other.

Phylogenetic trees generated using sequence alignment can provide important insights into the

evolutionary relationships among different species. For example, these trees can be used to trace the

origin of a particular trait or characteristic across different species, to identify common ancestors, and

to understand how different species have evolved over time.

The implementation of sequence alignment in creating phylogenetic trees allows scientists to study

the evolutionary relationships among different species in a systematic and quantitative way, providing

important insights into the origins and diversification of life on Earth.

Sequence Alignment and Structure Alignment:

Sequence alignment and structure alignment are two complementary techniques that are widely used

in bioinformatics. Sequence alignment is the process of comparing two or more sequences of

nucleotides or amino acids to identify regions of similarity or homology. Structure alignment, on the
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other hand, involves the comparison of the three-dimensional structures of proteins or other

macromolecules to identify similarities and differences (Russell & Barton, 1992).

While sequence alignment is primarily used to compare the primary structure of proteins or nucleic

acids, structure alignment is used to compare their three-dimensional structures. Structure alignment

can reveal similarities that are not apparent from sequence comparison alone, as it takes into account

the spatial arrangement of atoms in the molecule.

Despite these differences, sequence alignment and structure alignment are often used in combination

to gain a more complete understanding of the evolutionary relationships between proteins and their

functions. For example, sequence alignment can be used to identify conserved regions of a protein

that are critical for its function, while structure alignment can be used to compare the 3D structures of

proteins with similar sequences to identify structural features that are important for their function.

Online Bioinformatics Tools:

Online bioinformatics tools have made sequence alignment accessible to researchers worldwide.

These tools include BLAST, Clustal Omega, and MUSCLE, among others. BLAST

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) is a widely used tool for identifying homologous sequences in

a database (Altschul et al.,1990). Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) and

MUSCLE (https://www.ebi.ac.uk/Tools/msa/muscle/) are used for multiple sequence alignment and can

align thousands of sequences in a matter of minutes.

Discussion

Sequence alignment has many applications in biology and biotechnology. It is commonly used in

evolutionary studies to infer relationships between species by comparing their genetic sequences.

Sequence alignment is also used in mutation detection to identify disease-causing mutations. By

comparing the sequences of a patient's genes to a reference sequence, scientists can identify

mutations that may be responsible for a particular disease. This information can be used to develop

new diagnostic tests and treatments for that disease. For example, sequence alignment has been used

to identify mutations responsible for cystic fibrosis, a genetic disease that affects the lungs and

digestive system (Margoliash 1963).

In biotechnology, sequence alignment is used to design new drugs and biologics. By aligning the

sequences of proteins that are involved in disease processes, scientists can identify potential drug

targets and design drugs that specifically target those proteins. For example, sequence alignment of

the original genomic sequence of the SARS-CoV-2 virus with new variants of virus let to deeper

understandng of the virus's mode of infection and ulimately to the developement of vaccines. Another

example is the human immunodeficiency virus (HIV) protease protein led to the development of

protease inhibitors, which are now used to treat HIV infection (De Clercq, 2010).
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Furthermore, sequence alignment can be used to analyse the structure and function of proteins. By

aligning the sequences of proteins with known structures and functions, scientists can infer the

structure and function of related proteins. This information can be used to design new proteins with

specific functions, such as enzymes with improved catalytic activity.

Conclusion

Sequence alignment is a powerful tool in bioinformatics that allows scientists to compare and analyse

genetic sequences. By identifying similarities and differences between sequences, scientists can infer

evolutionary relationships, identify disease-causing mutations, design new drugs, and analyse the

structure and function of proteins. With the development of new sequencing technologies and

bioinformatics tools, sequence alignment is becoming an increasingly important tool in biology and

biotechnology.
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