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Abstract---Bioinformatics is an interdisciplinary field that develops 

methods and software tools for analyzing biological data in protein 

and nucleic acid structures. Currently, it is the most effective method 

to deal with the flood of information and further reduces risks, time, 

and cost due to the transition of wet lab work into dry lab work. India- 

a biotech growth catalyst, is among the top 12 destinations for biotech 
in the world yet holds only a 3% share of the global biotech industry. 

Thus, this paper deals with the future analysis of bioinformatics in 

India. It introduces bioinformatics and leads to an emphasis on its 

importance and the opportunities it opens. Furthermore, 

contemplates the present challenges and possible solutions that could 
be made to establish this field as a proliferating industry in the Indian 

and global market. 

 

Keywords---bioinformatics, human genome project, computational 

biology, biotech industry. 

 
 

Introduction 

 

Bioinformatics is a dynamic and emerging field that is used widely in drug 

production, gene therapy, genetic testing, agriculture, livestock, etc. It is 
necessarily an amalgamation of several domains like molecular Biology, 

Chemistry, Mathematics, Statistics, and computer science. There is no unified 

definition of bioinformatics however, "Bioinformatics is a subdiscipline of biology 

and computer science concerned with the capture, storage, analysis, and 

transmission of biological data, most typically DNA and amino acid sequences," 

according to the National Human Genome Research Institute [1]. 

https://doi.org/10.53730/ijhs.v6nS2.8624
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Conventionally, biology is considered a haven for microscopes and the study of 

the living environment. With the advancement of physics, chemistry, and 

computer technology there has been an increase in sophisticated biological 

information. The Human Genome Project [2] was a massive blow of information in 

which the entire human genome of 3.3 billion base pairs was arranged and acted 
as a possible solution to genetic therapy and hazardous genetic diseases. 

Therefore, a computational infrastructure was needed for genomic data analysis 

and thus led to the growth of bioinformatics. Companies [3] related to drugs, 

agriculture, chemicals, and hybrid plants have taken bioinformatics as a 

considerable method to produce new drugs with limited use of natural resources. 

Bioinformatics is an emerging and young field regarding market size and has a 
long way to become a fully established sector. It must develop new and improved 

algorithms for data mining, analysis, and comparisons etc. This survey paper will 

target the future analysis of bioinformatics and its growth rate in India and the 

world and will deal with a discussion over the opportunities, challenges, 

implications, etc. 
 

Literature Review  

 

Bioinformatics is the ultimate solution to discover new previously unknown and 

hidden patterns within each protein and nucleic acid. It deals with highly complex 

data via computer programming as a part of its methodology. The data from the 
human genome project [2] was so large that it could fill 200 volumes of 1000 

pages and reading it would take 26 years of round-the-clock work. As a result, 

bioinformatics enables fascinating tasks like comparing DNA sequences and 

producing potentially important and industrially valuable outcomes. It is an 

important field in today's world that can provide capabilities for integrating 
genetic data with existing and future experimental results in both graphical and 

text-based genomic mapping. The genomic testing capabilities will improve with 

the use of bioinformatics tools and next-generation sequencing. However, in order 

to extract a significant amount of data, we need a proper computing 

infrastructure for genomic data analysis in order to translate complex genomic 

data into useful insights. 
 

Bioinformatics Tools and Applications [4] 

 

1. Sequence analysis: It entails submitting RNA, peptide sequences, and DNA 

to a variety of analytical techniques. The software's monitoring feature 
assists in the examination of the following: - 

 Origin 

 Evolution 

 Structure of Biological Database 

2. Molecular modeling: It makes use of computational and theoretical 
methodologies for the analysis of the behavior of molecules. "Molecular 

modeling comprises all methods, theoretical and computational, used to 

model or simulate the behavior of molecules," according to Wikipedia [5]. 

3. Molecular dynamics: It determines the physical motion of biological atoms 

and molecules. In this, the constituent particles are allowed to interact with 

each other for a fixed interval of time to monitor their physical moment. 
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4. FASTA in Bioinformatics: FASTA is a text-based peptide and nucleotide 

sequence representation system. The tools aid in DNA alignment sequencing 

and protein sequencing. 

 
Bioinformatics is the only way by which we can cope with this flood of 

information. Now, with the advancement of computation technology and the 

fusion of Biology, Statistics, and Computer Science, researchers and scientists 

can look for divergence and similarities between human and other animal species. 

The risks [5] involved in the in vitro (experimental model creation) and in vivo 

(clinical trials) laboratory processes for drug discovery are largely removed by 
bioinformatics. With the total world population of 7.9 Billion people and every two 

individuals differing in 3 million base pairs, it becomes a challenge to track the 

sequencing of the entire human genome(having 3 billion base pairs in 23 

chromosomes ), which leads to the mapping of 100,000 genes. UT South Western 

and the University of Washington researchers founded more than 100 probable 
protein complexes for the first time and provided structural models for more than 

700 proteins that were earlier uncharacterized. This research used evolutionary 

computer-based techniques like Artificial Intelligence to produce 3-D models of 

Eukaryotic protein [6] interaction. The research would provide new ways a protein 

or group of proteins can fit together and can carry out distinguished metabolic 

activities in our biological bodies. This led to the discovery of new drug targets 
concerning different cellular processes. "Our results reflect a significant 

achievement in the new age in structural biology in which computation plays a 

vital role," says Qian Cong, Ph.D., Assistant Professor in the Eugene McDermott 

Center for Human Growth and Development with a secondary appointment in 

Biophysics. 
 

In recent context, the most popular example can be seen in the case of covid19, 

within which genome sequencing was studied using bioinformatics tools. Covid-

19 [4] has protein binding on its membrane and is primarily an RNA virus. It is 

because of these components the virus has acquired the character it has and is 

fast mutating. The arrangement of DNA, RNA, and Protein in the virus further 
helps in the understanding of changing nature. Therefore, helps in knowing a 

potential drug for medicine and vaccination preparation. Figure: 1 shows the 

types of Genomic Testing [4] could be of four major types: -Pharmacogenomic 

testing, Tumor Testing, Diagnostic Testing, Clinical predictive testing. Genome-

wide analysis and testing help in monitoring and further can prevent any diseases 
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Figure:1 Types of Genomic Testing  

 

In silico modelling [2], the fastest-growing area, aids in the testing of substances 

by mimicking the reactions of cells and animals using computer programmes. 

This reduces the amount of time and money spent in the lab. Google, Microsoft, 

Ginkgo Bioworks, Codexis, Twist Bioscience, and other prominent players [7] in 
computer and medicine have made significant investments in computational 

biology. The mortality rate is high in regions like India and other developing 

countries, and this is typically attributable to a lack of a comprehensive 

computational biology network. As a result, predicting the source and nature of 

illnesses is challenging. Figure 2 depicts the distribution of Thalassemia in 

important areas of developing countries, as depicted by the accompanying map [8] 
(by the National Institute of Health, United States of America). 

 

 
Figure:2 Distribution of alpha and beta-thalassemia 

 
India-a Biotech Growth Catalyst 

 

India is one of the world's top 12 biotech [9] locations. Many pharmaceutical, 

information technology, and biotechnology companies have entered the 

bioinformatics sector as a result of increasing volumes of genomic data and an 
increasing number of participants contracting work to Indian companies. Tata 
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Consultancy Services (TCS), Cognizant Technologies, Infosys, and WIPRO are 

among the Indian companies [10] that have already established bioinformatics 

divisions. Despite the rapid growth of biotechnology in India, the country only has 

a 3% share in worldwide biotech industries [9]. The use of bioinformatics in drug 
delivery and development is expected to cut the annual cost of developing a new 

drug by 33% and the time it takes to discover a new drug by 30%. "Bioinformatics 

contributes to the smallest part of the biotechnology industry in India," says 

Rashmi Sanyal [11]. This sector is concerned with the creation and maintenance 

of large electronic databases on various biological systems, as well as the tools 

and software used to analyze the data obtained from these databases. India has 
long been known for its strong IT infrastructure. As a result, it puts India in a 

better position than other developing countries to become a leading destination 

for bioinformatics work. To take a competitive advantage in the drug discovery 

process, pharmaceutical and life science companies emphasize bioinformatics as 

it reduces the time and costs of developing medicine because of its facilitation 
with filtering data. 

 

The Issue to be Resolved Includes the Following 

 

There are a slew of roadblocks impeding the growth of computational biology in 

India, and the issues that need to be resolved are as follows: - 
 

 Due to a lack of interest and awareness, India's software industry does not 
contribute much to bioinformatics. As a result, there is no efficient database 

integration, making it difficult to query multiple databases at once. 

 Inability to maintain quality checks and gain rapid approval for products 
has resulted in a lack of public-private relationships [11] and a lack of angel 

funding. 

 The lack of a bridge between IT leaders and biologists is a major barrier to 

optimal bioinformatics exploration for solving life sciences issues. 
 

Take, for example, data translation [12]: Biological data is available as a variety of 

web services all over the world, providing biologists with useful information. 

However, the disparate data formats present a technical barrier to full utilisation. 

They must use Bio Java on their computer to convert the documents into XML 
formats. Protein folding [12]: The resolution obtained is usually low and as a 

result, it is difficult to understand or predict the folding rates of protein from 

protein 3-D structure. 

 

Possible Solutions [10] 

 
A possible solution is to have enough leaders with experience in both life sciences 

and information technology, as well as a strong institutional network that 

effectively connects specialists from both fields. "One of the major challenges in 

the optimal exploration of bioinformatics for solving life science issues is the 

formulation of appropriate computational biology problems that can be addressed 
through IT tools," according to the department of biotechnology. The following are 

the conditions for resolving the issues: - 
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 Consolidation of all data into a single source and development of user-
friendly software Almost all disease advances necessitate the use of 

computer-aided technologies. 

 Because it is a multidisciplinary field, computer and other information 
science students must have a basic understanding of biological science and 

sequences. 

 Appreciation of the scope and strength of bioinformatics as a field by 
biologists, in order to raise public awareness of the merits and opportunities 

offered by this field. 
 

India is unquestionably one of the most promising countries in the fields of 

biotechnology and computational biology. In general, laboratory system 

management is an ideal, flexible, and multifunctional tool for managing and 

improving the efficiency and quality of analytic studies in laboratories that 
operate in a variety of fields. Because of the paradigm shift in biological research, 

bioinformatics, and computational biology centers involving data mining, artificial 

intelligence, machine learning, and other techniques have become necessary. 

 

Investment Report and Recent Development 

 
"The need for Bioinformatics tools and skills has increased as genome sequencing 

initiatives have resulted in the exponential growth of sequence databases," 

according to a recent report from the Department of Biotechnology [10]. 

BITSNet[10] has established itself as a highly dependable bioinformatics 

infrastructure with a wide range of scientific features and communication 
capabilities. Cancer, pulmonary diseases, diabetes, tuberculosis, and 

cardiovascular diseases all have established programs. The motivations for any 

country to invest [9] in India are explained in Figure 3 above. A project on imaging 

biobanks [9] for cancer is also being financed by Tata Memorial Centre for Cancer 

Research (TMC-ACTREC), Mumbai, AIMS, Delhi, IIT(Bombay), RGCIRC; a unit of 

the Indraprastha Cancer Research Society, Delhi, with the goal of developing AI 
tools. 

 

 
Figure: 3 Advantages in India 
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Biotechnology [9] is regarded as one of the primary contributors to India's goal of 

a USD 5 trillion GDP by 2024. With a population of 1.3 billion people, half of 

whom are under the age of 25, India is one of the most youthful and well-

equipped countries in the world. According to the India Brand Equity Foundation, 
the country's biotech industry includes more than 2,700 start-ups and 2,500 

corporations. In the United States, India has 665 FDA-approved factories, 44 

percent of global abbreviated new drug applications (ANDA), and over 1400 WHO-

compliant manufacturing units. The country is also the second-largest producer 

of BT cotton and the third-largest producer of recombinant Hepatitis B vaccine 

[9]. (genetically modified pest-resistant plant cotton). In numerous aspects, 
computer science is linked to biotechnology, particularly in the field of 

bioinformatics, which entails the creation of software tools and methods for 

analyzing biological data. As a result, plants seeds for new innovative jobs [13] in 

software development, machine learning, artificial intelligence, and other fields in 

India and other emerging countries. 
 

 Computational Biologists  

 Bioinformatics Analysts  

 Bioinformatics Engineers 
 

India-Global Market Comparison 

 

The Bioinformatics market research details the global, regional, and country-level 

market sizes, as well as the strategic gameplay. Forecasts from 2021 to 2026, 
according to Bioinformatics Market Report Forecasts [14]. Over the projected 

period, the global Bioinformatics market is predicted to increase at a compound 

annual rate of 19.36%, from US$ 10.729 billion in 2019 to US$ 37.029 billion in 

2026. According to Acute Market Reports [15], Inc.'s latest market report, "Global 

Bioinformatics Market – Growth, Share, Opportunities, Competitive Analysis, and 

Forecast, 2016 – 2024," the bioinformatics market was valued at USD 8,580.0 Mn 
in 2015 and is expected to reach USD 38,614.0 Mn by 2024, growing at a CAGR 

of 20.3 percent between 2016 and 2024. From 2015 to 2026, Figure 4 depicts the 

Global Bioinformatics Market's explosive expansion. 

 

 
Figure: 4 Growth Rate of Global Bioinformatics Market  
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According to a report published by the India Brand Equity Foundation [9], the 

Indian biotechnology industry was worth US$ 63 billion in 2019 and is expected 

to grow at a CAGR of 16.4% to US$ 150 billion by 2025. The Indian biotechnology 

industry is predicted to increase its share of the global biotechnology market to 

19% by 2025, up from 3% in 2017. Biopharmaceuticals, the largest segment in 
the Indian biotechnology market, accounted for 62 percent in 2020 and 58 

percent in 2019. From 2019 to 2025, the Indian biologics market is predicted to 

grow at a CAGR of 22%, reaching US$ 12 billion. Clinical trials, contract research, 

and manufacturing operations are increasingly being conducted in bio-services, 

which will account for 15% of the biotechnology industry by 2020. 

 

 
Figure:5 Growth Rate of Bioinformatics Market in India 

 

Both Figures 4 and 5 reveal the rampant growth of Bioinformatics in the global 

and Indian market in the recent as well as upcoming years. 

 

Conclusion 

 
Bioinformatics is a new developing science in various countries and is a unique, 

efficient combination of Computer Science and Molecular Biology. Software used 

in this field helps to analyze and view biological data like DNA, RNA, and various 

other genomic sequences. Furthermore, the information gathered via this analysis 

could be used in numerous sectors like Drug Production, Gene Therapy, Gene 
Testing, and Diagnostics. Another paramount application of bioinformatics is Bio-

economics, which deals with the investment in applied Biotechnology to increase 

the economic input of a country. Therefore, creates new jobs in the IT and 

Computation sector. Indian position as an IT nation is globally recognized and 

has one of the youngest populations to strengthen a plethora of computation tools 

and software to make bioinformatics a well-established field. Indian 
bioinformatics is expected to grow exponentially in the next few years and further 

will cause the creation of new opportunities for Indian software and AI Companies 

to grow their market size. This paper gives a detailed explanation about 

Bioinformatics, its application, and new upcoming innovations in the world. It 

further emphasizes its importance and opportunities provided, with the growing 

trends in India and International level. 
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