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Abstract
Data overload has made many biological problems computational problems. Bioinformatics,

which uses computer methods to analyse biomolecule data on a massive scale, has become a
major field in molecular biology, including structural biology, genomics, and gene expression
research.Recent technological advances have advanced phenotypic genetics research.
Genomic breakthroughs have transformed biological problems on a genome-wide scale,
exposing an avalanche of data and bringing up numerous options. However, Moore's law and
biological information processing must overcome the massive volume of information created.
Bioinformatics and computational biology have addressed these issues. This review
introduces and summarises the field. We explain bioinformatics concepts, the sorts of
biological information and databases utilised, and some of the investigations being done,

notably on transcription regulatory systems.
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Introduction

Recent technology breakthroughs have given a lot of "omic" data, causing a scientific
revolution. Different specialists struggled with crescent creation and public database
availability [1]. What's the challenge? The biggest issue in biology is making sense of all the
structural data and sequences produced at different levels of biological systems [2].
Bioinformatics requires statistical and computational methods to comprehend biological
problems [2]. It's also reductionist given science's complexity. Bioinformatics and
computational biology, which incorporate molecular biology, developed throughout the "new
biology" period. Although new, bioinformatics and genomics have grown interdependently
and shaped knowledge. Thus, this study provides a short summary of these disciplines and
bioinformatics concepts for biological information and databases, sequence analysis and
molecular modelling, genomic analysis, and systems biology. We aim to emphasise crucial
aspects in the usage of new approaches and give tools for data analysis and interpretation of

the findings.
Bioinformatics goals

Bioinformatics has three goals. First, bioinformatics organises data so researchers may access
it and add new entries, such the Protein Data Bank for 3D macromolecular structures [3,4].
Data curation is important, but databases are meaningless without analysis. Bioinformatics
serves many more purposes. Second, create data analysis tools. Comparing a protein
sequence to others is useful. FASTA [5] and PSI-BLAST [6] must examine physiologically
meaningful matches for this. Such resources need computational theory and biological
knowledge. The final goal is to utilise these technologies to analyse and interpret the data
physiologically. Biological research often explored particular systems and compared them to
related ones. Global data analysis in bioinformatics may reveal common principles and

unique traits.

Bioinformatics, which is interdisciplinary, is "the use of computational tools to organise,
analyse, comprehend, display and preserve information linked with biological
macromolecules™ [7,2]. covers bioinformatics and genomics from three angles: The cell and

molecular biology's basic dogma. ii) The organism changes throughout development and
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bodily areas. Finally, the author stresses globalisation: iii) the tree of life, with millions of
species in three evolutionary branches. Computational perspective [7]. These authors list
bioinformatics aims as organising data so researchers may access it and add new entries,
developing tools and resources to study data, and using these technologies to analyse and
interpret data. Bioinformatics challenges fall into two categories: sequencing and

biomolecular structure (Figure 1).
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Figure 1: Bioinformatics uses.

Information types and databases

Data organization and storage are needed due to its huge volume. Thus, databases were built
to store and interpret vast amounts of biological data for scientific use [7,8]. Nucleic Acids
Research has compiled, updated, and disseminated biological databases as data has grown.
1739 biological databases were updated in January 2017. Bioinformatics uses raw DNA,

protein, macromolecular, and genomic sequences.

Primary and secondary public databases contain large volumes of data. The main databases
include experimental data without comprehensive examination of earlier publications.
Content curation in secondary databases compiles and interprets data [8]. KEGG, Reactome,

and other functional databases provide metabolic map analysis and interpretation [9].

GenBank @ NCBI, DNA Database of Japan (DDBJ), and European Molecular Biology
Laboratory (EMBL) are key databases of nucleotide sequences and proteins [2]. The

Sl JFANS

International Journal of 1222 | Pa ge

Foud And HNutri I r.-nul Sciences




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper © 2012 IJFANS. All Rights Reserved,

International Nucleotide Sequence Database Collaboration (INSDC) participants contribute
data regularly [9]. PIR, UniProtKB / Swiss-Prot, PDB, SCOP, and Prosite are secondary
databases. These curated databases provide solely protein structure, domains, function, and

categorization information.
Biological sequence analysis

NGS data has made alignment, important for biological sequence comparison, easier [10].
This method involves comparing two or more nucleotide sequences (DNA or RNA) or amino
acid sequences (peptides or proteins) for a set of characters or patterns [11,12]. Why compare
sequences? This technique provides evolutionary information on animals, people, genes,
prediction functions, and structures [12]. Protein alignment is another bioinformatics
technique. Alignment determines whether amino acids are equal across structures, whereas
comparison analyses similarities and contrasts [12]. Sequence similarity analysis seems
simple, but the algorithm calculates a "cost™ to align sequences to minimize differences and
get the "best possible result" [11,12].

Simple alignment

This technique emphasises dynamic programming methods, dot matrix analysis, and k-tuple
method. The dynamic programming approach uses Bellman's optimality principle to tackle
complicated problems by solving their subproblems [12]. This approach produces global and
local alignments using Needleman-Wunsch and Smith-Waterman algorithms [11]. Alignment
requires a scoring mechanism for matches, mismatches, amino acids, and gaps. Thus, the
method determines the best sequence alignment. The dot matrix method detects indels and
repeats easily [11]. An identity matrix may visually display similarities [12].

Multiple alignments

This technique emphasises dynamic programming methods, dot matrix analysis, and k-tuple
method. The dynamic programming approach uses Bellman's optimality principle to tackle
complicated problems by solving their subproblems [12]. This approach produces global and
local alignments using Needleman-Wunsch and Smith-Waterman algorithms [11]. Alignment

requires a scoring mechanism for matches, mismatches, amino acids, and gaps. Thus, the
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method determines the best sequence alignment. The dot matrix method detects indels and

repeats easily [11]. An identity matrix may visually display similarities [12].
BLAST

BLAST is a Smith-Waterman-derived local alignment method that gives two sequences the
highest alignment score [13]. BLAST searches the database using a k-tuple heuristic and
dynamic programming from the algorithm [12]. The k-tuple technique restricts the search to
more important terms, such as amino acids and nucleotides, which are 3 and 11 characters,
respectively [13].

Comparative molecular modeling

Homology modelling involves modelling a protein's 3-D structure from the structure of a
homologous protein [14]. Evolutionarily related sequences have the same tertiary structure
folding pattern [15]. The 3-D structure helps comprehend function, protein dynamics and

interaction, functional prediction, and therapeutic targets [16].

X-ray diffraction crystallography and nuclear magnetic resonance (NMR) may determine
structure, although they have limits. Experimental approaches like ab initio modelling or
homology may be used [16]. Ab initio protein modelling calculates the best structure using
physical and chemical concepts. Homology modelling yields more accurate findings [17].
However, its accuracy depends on target-template similarity [14]. 25-30% identity values are
acceptable, while larger values improve projected model quality [15,14]. Prediction involves
five processes (Figure 7): Reference identification, template selection, alignment,

construction, and model validation.
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Figure 7: Comparative modelling 3-D structure prediction
Genome-wide analyses from genome to proteome

DNA sequencing transforms genomic designs and opens new avenues in molecular biology
[18]. NGS technology have several uses. Bioinformatics will study the genome,

transcriptome, and proteome to face infinity.
Genome

Due to cheaper sequencing, several genomes have been published. The new methods' read
size and quality (150 to 300 bp) restrict assembly software [19]. They generate more
sequences [20].

Transcriptomics

DNA sequencing or hybridization can estimate the transcriptome [17]. Real-time PCR
(gPCR) and DNA microarray methods have advanced yet have limitations[21,17]. NGS

systems may evaluate global expression instead [22].
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Proteomics

Understanding cellular physiology requires identifying, quantifying, and characterising all
cell proteins [23]. To systematise the study of protein structure, function, relationships, and

dynamics in space and time, proteomics has grown fast [24].
Applications of bioinformatics
Finding Homologues

Bioinformatics seeks biomolecule similarities, as mentioned before. Protein homologue
identification has practical applications beyond data organisation. The most evident is
protein-protein communication. For example, a poorly characterised protein may be searched
for homologues that are more understood and cautiously applied to the former. Protein
structural models are mainly based on experimentally solved structures of near homologues
[25]. Fold recognition uses similar methods to anticipate tertiary structures based on distant
homologous structures and energetic viability [26]. When biochemical or structural data are
inadequate, yeast may be used to study homologues in higher-level species like humans,
where experiments are more difficult. Genomic methods are similar. Homologue finding and
functional data are used to validate coding areas in freshly sequenced genomes. Early
structural genomics efforts focused on Mycoplasma genitalium because it reduces the
difficulty of comprehending complex genomes by analysing simple species first and then

applying the same concepts to more sophisticated ones [27].
Rational Drug Design

Bioinformatics was first used in rational medication design. Figure 2 shows the usual drug
target method using the MLH1 gene product. MLH1 encodes a mismatch repair protein
(mmr) on the short arm of chromosome 3 [28]. Linkage studies and its similarity to mouse
mmr genes linked the gene in nonpolyposis colorectal cancer [29]. Translation software can
predict the protein’s amino acid sequence from the nucleotide sequence. After finding
homologues in model animals, sequence similarity may be utilised to model the human

protein's structure on experimentally characterised structures. Finally, docking algorithms
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might build compounds that bind the model structure, allowing biochemical experiments to

assess their biological activity on the protein.
Large-scale censuses

Although databases can easily store genome, structure, and expression dataset data, it is
helpful to compress this data into user-friendly patterns and facts. Broad generalisations
highlight fascinating topics for deeper research and contextualise fresh discoveries. This

shows whether they are uncommon.
Considerations and perspectives

Data collection, processing, and interpretation have improved, suggesting a bright future.
New analytical methods are emerging due to widespread scientific advances. We can
improve our knowledge of complicated biological systems by using molecular information in
systemic ways. Data integration is not the end. New theories and findings start a feedback
mechanism. Genomic innovations in gene therapy and customised medicine will enhance
health. This suggests that diverse research organisations and scientists with expertise in

several fields are needed to make significant scientific discoveries.
Conclusions

Computational approaches are essential to biological research due of the data flood.
Bioinformatics now covers structural biology, genomics, and gene expression investigations
in addition to sequence analysis. This review introduced and summarised the field. We
focused on biological information and databases, transcription regulatory system
investigations, and practical applications. All bioinformatics research use two methods. First
is comparing and categorising data by biologically relevant similarities, and second is using
one kind of data to infer and comprehend another type. The field's key goals are to interpret
and organise biological molecular data on a big scale. Bioinformatics has deepened and
broadened biological research. Thus, we may study individual systems and compare them to

related ones to find common principles and uncommon traits.
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