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Abstract 
Since the inception of sequencing, which was developed by Sanger and Gilbert in 1977, 

various methods of sequencing have been introduced in biotechnology to sequence DNA. 

Next-generation sequencing is a novel high-tech method where the sequencing of thousands 

of DNA molecules can be done in parallel to generate enormous amounts of genetic data 

within one experiment. This novel generation of sequencing superseded conventional 

techniques like Sanger sequencing with parallelization to achieve rapid genome sequencing at 

minimum costs. In this chapter, we highlighted various applications of using NGS in different 

fields, such as genomic research, clinical diagnostics, metagenomics, water quality 

assessment, and food authenticity. Besides, NGS could identify genetic variations, diagnose 

diseases, and assess food quality with high accuracy, rapidity, and specificity.  
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Introduction 

Next-generation sequencing (NGS) is one of the most innovative technologies that 

science and technology have presented to us to sequence thousands of DNA molecules 

simultaneously. This innovative method is exceptionally beneficial for various applications 

since it produces enormous amounts of genetic data in a single experiment. In 1977, 

Frederick Sanger and Walter Gilbert pioneered accelerated sequencing techniques designed 

explicitly for lengthy DNA strands. This groundbreaking advancement marked the inaugural 

capability to decipher the complete nucleotide sequence of entire genes, ranging from 1,000 

to 30,000 bases in length. The initial automated Sanger sequencing method, constituting the 

'first generation' for genome sequencing, began supplanting more advanced next-generation 

techniques. Fueled by the need for cost-effective sequencing, these next-generation 



 

 

sequencing (NGS) technologies achieved efficiency by parallelizing the sequencing process. 

This approach enabled the simultaneous generation of extensive volumes of data or 

sequences, particularly with the latest instruments available in the market. 

Consequently, these newer technologies facilitated rapid and precise genome 

sequencing. With high-throughput sequencing, this approach integrates various contemporary 

sequencing methods and has developed into an invaluable resource for investigating genomes 

and epigenomics. This method allows researchers to identify nucleotides inside specific DNA 

or RNA regions and across the genome.In this era of extensive sequencing data, an NGS plot 

is a valuable tool for connecting genomic information with large datasets. In clinical settings, 

the primary application of NGS will likely involve resequencing genomic DNA. Whole 

genome sequencing (WGS) offers a comprehensive view of single nucleotide variations 

(SNVs), insertions and deletions (indels), complex structural changes, and variations in copy 

number, all in one analysis. While WGS reveals a wealth of genetic information that can be 

analyzed and applied, some may contain data of uncertain clinical significance or entirely 

new insights. WGS is the most thorough genomic examination (Pleasance etal., 2010).  

As the need for more affordable sequencing techniques grew, high-throughput 

sequencing emerged, which can generate dozens or even millions of sequences at once. 

Beyond what is possible with conventional dye-terminator procedures, these technologies 

promise to significantly reduce the cost of DNA sequencing. Consequently, they have 

revolutionized the fields of genomics and molecular biology research by making it possible to 

sequence DNA and RNA more quickly and affordably than with previous techniques like 

Sanger sequencing. In molecular diagnostics, NGS methods are gradually replacing the 

Sanger approach. However, they have a similar ancestor in that they use DNA replication 

mechanisms that have evolved over millions of years. Among other techniques, these 

advancements include ion semiconductor sequencing, sequencing-by-synthesis, and 

sequencing-by-ligation. 

 

 

 

Application ofNext-generation sequencing(NGS)  

1. Water quality assessment 



 

 

The use of NGS-based techniques is growing in water quality and assessment 

research. Researchers are using NGS to learn more about its applicability and biases as an 

analytical tool. They evaluate biological risks and debate the benefits and drawbacks of using 

direct quantitative analysis to interpret NGS data. Research has looked at the breakdown 

processes of dangerous chemicals endangering water quality and the existence of toxin and 

antibiotic-resistance genes in water samples. NGS approaches have also generated 

bioindicators for sewage contamination and microbiological source tracing.  

While Next-Generation Sequencing (NGS) holds promise for tracking the 

deterioration of water quality by identifying signs of human feces or sewage contamination, a 

more straightforward method of assessing biological threats in water involves looking 

directly at the diversity and prevalence of pathogens. On the other hand, tracking each 

waterborne pathogen separately is expensive, necessitates technical know-how, and depends 

on determining which pathogens to target (Varela & Manaia, 2013). Potential danger sources 

can be identified by analyzing sequences that closely resemble those of aquatic pathogens 

using Next-Generation Sequencing (NGS). Furthermore, this approach might offer a ballpark 

estimate of their relative abundance in wastewater and comparable environments by 

evaluating variations in sample preparation (McLellan et al., 2010; Cai et al., 2014; Lu et al., 

2015). Earlier, researchers used the V6 region of the SSU rRNA gene, but due to its short 

sequence length (around 60 base pairs), it could not identify individual pathogen species. 

Differentiating between taxonomic levels beyond the family or genus was hampered by the 

short length of the V6 region. However, it is now possible to correctly categorize bacterial 

genomes at the species level thanks to advancements in Next-Generation Sequencing (NGS) 

technology, which allows for more extended sequence read lengths. 

2. NGS for the standard clinical microbiological diagnostic laboratory  

Identifying, characterizing, and detecting pathogens is crucial in creating treatment 

strategies that effectively address infectious diseases. A wide range of methods—both 

dependent and independent of culture—are used in regular clinical microbiological diagnostic 

laboratories to investigate the causes of microbial infections. However, some organisms may 

not survive in laboratory settings due to the unique growth conditions required by many of 

them, making identification by culture-dependent approaches impractical (Lagier et al., 

2015). In addition, most methods that do not depend on cultivating microorganisms (like 

PCR) require prior knowledge of the microorganisms thought to be present in a particular 

clinical sample under investigation. This requirement is essential for their identification. 



 

 

Therefore, these culture-independent methods may leave unexpected bacteria unidentified 

(Yang & Rothman, 2004). These variables have created a need for novel diagnostic assays 

independent of culture-based techniques. Enhancing the identification of agents responsible 

for infectious diseases is crucial. This development could result in better patient outcomes, 

more effective management of the use of antibiotics, improved disease outbreak identification 

and surveillance, the ability to identify viable but challenging-to-cultivate microorganisms 

(like VBNC), and the ability to research pathogens that have not yet been identified. Cliendo 

et al. (2013). These discoveries will ultimately lead to a better understanding of the 

pathogenesis of diseases, opening the door to a new era of molecular pathology and tailored 

medicine. Harris and McCormick (2010). Next-generation sequencing (NGS) is a frequently 

used culture-independent technique in microbiology research. However, it is not routinely 

used in clinical microbiological diagnoses.. This is completed in a single sequencing step and 

does not require conventional culture methods. Goodwin et al. (2016). 

Obligate anaerobes are known to cause serious infections, but they may be 

challenging to identify using standard specimen collection and detection methods in regular 

clinical microbiology labs. This is because particular safety measures must be taken to 

maintain an anaerobic environment when collecting and transporting specimens. 

Furthermore, culture-based detection techniques can require the laboratory to supply growth 

factors that still need to be identified (Brook I, 2002). Techniques such as Next-Generation 

Sequencing (NGS) hold considerable promise for improving the identification and diagnosis 

of anaerobic infections and illnesses brought on by hard-to-culture bacteria like fastidious or 

viable but non-culturable (VBNC) germs. NGS techniques are quite helpful in detecting 

VBNC bacteria, especially those impacted by antibiotics during antimicrobial therapy in 

patients. Pasquaroli et al. (2013). A thorough understanding of the microbiota found in 

clinical samples is also crucial since it allows one to consider the entire microbial population 

when choosing therapeutic approaches. Hajishengallis et al. (2012).  

3. Cancer treatment 

Technological developments have made it easier to incorporate NGS-based assays 

into clinical practice, where they are being used more and more for carrier screening, fetal 

aneuploidy testing, finding rare illnesses, and determining the presence or risk of cancer. To 

sequence long and complex genes or several genes per tumor sample and identify the driver 

and targetable changes, NGS has now moved into clinical settings. Recent studies have 



 

 

demonstrated that Next-Generation Sequencing (NGS) exhibits vital analytical accuracy 

when detecting the most common changes in clones. (Frampton et al., 2013).  

As cancer is primarily a genetic disease caused by genetic changes that can be 

inherited or acquired, the development of novel DNA sequencing techniques will have a 

significant influence on the diagnosis, prognosis, and course of therapy of the illness. NGS 

makes it possible to thoroughly profile the genomic landscape of several cancer genomes 

across different disease types. It is expected that all people's genetic data, including inherited 

characteristics and mutations linked to cancer, will soon be regularly sequenced. 

Furthermore, it is possible to monitor the progression of the cancer genome through 

numerous sequencing iterations, which will help with accurate diagnosis and focused 

molecular therapy implementation.  

4. Microbe and Antibiotic resistance study by using NGS approach 

The microbiome affects the host's immunity, affecting our body's immune system. Some 

bacteria, viruses, yeast, etc microbes can not be cultured in the laboratory. They are mainly 

found in the various parts of our body like the buccal cavity, nose, vagina, stomach and hair. 

The National Institute of Health started a human microbiome project in 2008 called the 

Human Microbiome Project (HMP) (Gupta and Verma 2009). Using NGS technology, they 

isolate and characterise microbes present in healthy and diseased persons (Qin et al., 2010). 

            According to various studies, the growth of Antimicrobial resistance pathogens is of 

great concern. Antibiotic resistance determinants (ARDs), which include antibiotic resistance 

genes (ARGs) and mobile genetic elements (MGEs) responsible for the transfer of these 

genes, are prevalent in environmental bacteria (Li et al., 2005). Microbial communities found 

in sediments near wastewater treatment plant effluents and in soil, water, sediments, and 

faecal samples from humans and animals contain ARDs. They are of great concern to prevent 

the spread and management of antibiotic resistance (Port et al., 2014). Gaining a deeper 

understanding of the prevalence and characteristics of environmental reservoirs of ARDs will 

be crucial in addressing this issue (Bush et al., 2014). Total DNA is extracted from 

environmental samples, and sequencing is conducted randomly. The resulting sequence reads 

are then compared against a reference database containing known antibiotic resistance gene 

(ARG) sequences to assess the resistance potential derived from the metagenome (Allen et 

al., 2009). 

5. Determination of zoonotic microbes transmission by using NGS 



 

 

 Zoonotic diseases are a significant threat to public health. This concern has only 

recently gained recognition despite the increasing transmission of zoonotic microbial agents 

(infections spread from animals to humans). According to studies, it was found that out of 

four pathogens, three pathogens originate from zoonotic sources (Taylor et al., 2001). So, It’s 

a global concern and can lead to human disaster, including Ebola virus infections, bird flu 

(highly pathogenic avian influenza), and severe acute respiratory syndrome (SARS), among 

others (Heymann and Dar 2014). These are emerging public health issues in our healthcare 

systems. 

6. Food testing authentication using NGS 

Regarding guaranteeing food authenticity, regulatory bodies, food producers, and 

processors have the utmost regard for consumer safety and confidence. It has been shown that 

false food labeling and other dishonest business tactics undermine consumer confidence and, 

in some instances, endanger consumer safety. (Barnett, et al., 2016). So, food product 

authenticity is a crucial issue for consumers, authorities, farmers, and processors because 

dishonest business practices can have a negative impact on consumer safety and confidence 

as well as the business models of reliable organizations. DNA sequencing is spreading 

quickly, which has caused databases that contain sequences to grow quickly in response. In 

terms of accuracy, creating current, trustworthy databases might be advantageous for the 

successful application of NGS. Strong quality control standards and proficiency testing 

techniques, both of which are currently being developed, will be required for these uses.  

Several methods, including spectroscopy, chromatography, proteomics, and 

Polymerase Chain Reaction (PCR) techniques, have been employed to detect food fraud in 

cases of food adulteration. (Primrose et al., 2010). However, since fraud often involves 

replacing one ingredient with one of a different race or species and DNA testing is 

convenient and reliable across various food processing methods, DNA-based methods are the 

most accurate and sensitive way to address this problem. (Catalano et al., 2016, Pardo, 2015). 

Standardized gene snippets are used in techniques such as DNA Barcoding (Hebert et al., 

2003) and Forensically Informative Nucleotide Sequencing (FINS) (Bartlett & Davidson, 

1992) to differentiate between various products within taxonomic levels. These methods 

depend on specific DNA sequences that vary among species, making precise identification 

and differentiation possible. In addition, various techniques have been created to find and 

amplify particular oligonucleotide primer products. These techniques include digital PCR, 

real-time PCR, oligonucleotide ligation assay (OLA), and LAMP. These techniques are used 



 

 

to detect adulteration in food goods. However, instead of offering a thorough breakdown of 

the food's composition, these approaches usually concentrate on specific ingredients, which 

can worry customers. On the contrary, next-generation sequencing (NGS) provides several 

capabilities to overcome these drawbacks. It can simultaneously screen out the different 

genomic regions of multiple genes, which made the platform to identify plants, animals, and 

food ingredients derived from fungi and microalgae. 

Conclusion  

 High throughput sequencing has sped up research in several biological and applied 

science domains. NGS is a sophisticated, realistic, and more accurate platform that can 

produce massive amounts of data. It becomes a preferable toolfor discovering SNPs and other 

genome mutations. If costs decrease and turnaround times increase, it might become a 

standard diagnostic tool for clinical routine. The concept of cancer treatment is derived from 

the detailed characterization of the numerous genetic changes discovered in tumors. The 

ability to identify every gene linked to a disease inside a genome opens the door to auto-

immune disease detection and diagnosis. Work on food testing and authentication, water 

quality assessment, disease diagnosis, standard clinical, microbiological diagnostic 

laboratory, etc., has already begun through NGS, which has positive results and indicates that 

NGS can be used for multiple purposes in multi-directional ways. This invaluable invention 

will have a greater scope in the advanced biotechnology field. 
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