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. INTRODUCTION

DNA sequencing methods have evolved greatly iemegears due to the advent and
rapid evolution of next (NGS), also known as maagivparallel sequencing [1]. NGS
technologies have significantly transformed higtretlghput genomics research, offering up a
plethora of new fields of study and cutting-edgeligations [2]. NGS technology has
demonstrated tremendous promise for biologistspmydicians [3]. Rapid advances in next-
generation sequencing (NGS) technologies in regears have enabled researchers to
generate large numbers of sequence reads at eamilff lower costs, allowing for
unprecedented expansion of the scope of genomelbaesearch projects while also
revolutionizing biological and biomedical researtttjuding studies of human disease [4-5].
Furthermore, as NGS technologies become more imsxge they are replacing micro array-
based genotyping approaches that are confinedtéoragating regions of known sequence
variation [5]. This capability enabled numerouscassful applications, the first of which was
whole-genome sequencing (WGS), a method for sedqugtice complete genome. It offers
the most comprehensive landscape of genomic infimmaand associated biological
implications. Next-generation sequencing techn@esgre increasingly being applied in a
range of disciplines. Their power stems from thditslio collect massive volumes of data
and discover unique and important information abitne human genome [6]. The term
"NGS" refers to a group of methods that producdiong of short read sequences more
quickly, more affordably, and throughput-efficignthan Sanger sequencing. The majority of
NGS-based techniques that investigate genomictiariand its link to phenotypes employ a
case-control study design with unrelated individud@ecause patients and controls have
genetically distinct ancestries, these study desage subject to population stratification bias
(PSB) [7]. The NGS platforms that are currentlyikde use several approaches to achieve
high-throughput sequencing. The various ways ofiseging have an impact on the number,
quality, and variety of sequencing applicationse ®xtraction of genomic DNA from test
samples is usually the first step in a normal NGi& Next comes library preparation, which
comprises DNA fragmentation, adaptor ligation, adapequencing, sample enrichment, and
sequencing. [8]. There are several NGS systemsaalairight now [9]. Sanger sequencing,
sometimes known as 'first-generation' sequenciag,deen substantially displaced in recent
years by technologies for 'next-generation’ seqgagndNGS). It allows for the identification
of biomarkers for early detection and personalizedtment. Next-generation sequencing
(NGS) has altered clinical research as well asclasil applied sciences. The NGS allows for
the generation of millions of data points at a lowest. NGS has changed not only genome
sequencing and personal therapy, but also pre\geasme research. The application of a
technique that aids in establishing the amountaddr of nucleotides present in the DNA of
a certain organism is known as sequencing. DNAem®ejug provides essential knowledge to
several biological study fields as well as othedustries like as biotechnology, forensic
science, and biological systematic. The odd arnawege of bases has a significant impact on
health, such as how we respond to a certain illardghe type of treatment necessary to cure
it. NGS is a type of DNA sequencing technique tbantifies the sequence by using parallel
sequencing of multiple small segments of DNA [18igh-throughput technology is quick
and produces a large amount of data, far more thanSanger technique; it is also less
expensive. Third-generation sequencing is comparabl NGS in many ways, however
unlike NGS; it employs single DNA molecules as mpéate rather than amplified DNA. As
a result, third generation sequencing may elimimaigtakes in DNA sequence that occur
during the DNA amplification procedure in the lasatry [11].
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High-throughput technology is faster and produdgsificantly more data than the
Sanger procedure; it is also less expensive. Tgerteration sequencing is similar to next-
generation sequencing in many aspects, howevekeuNIGS; it uses single DNA molecules
as a template rather than amplified DNA. As a iteshird generation sequencing may erase
errors in DNA sequence that occur during the latooyaDNA amplification method [11].

. STEPSINVOLVED IN NEXT GENERATION SEQUENCING

Step 1. Extraction of Sample: Any DNA or RNA-producing sample can be used for NGS
Depending on the starting material, there are wiffeextraction methods that can be used.
Each extraction method has been improved to yieddhtest quality and most nucleic acid
from the relevant sample type. After extractiomalaate the quantity and quality of DNA or
RNA since successful sequencing requires high-tyustirting material [12].

STEP1 e
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Figure 1: Figure shows various steps involved in NGS. Th&t 8tep involves extraction of
the genetic material to be sequenced followed lep Qtwhich is library preparation. In Step
3, the library is sequenced followed by analysiStep 4.

Step 2: Library Preparation: These are the steps required for creating a sempgehiorary
from your RNA or DNA sample:

» Amplification to build a pool of target sequencésdequate size; and
* The incorporation of adapters for sequencing thltewentually connect to the NGS
platform.

If RNA is utilized as the initial template, reversanscription to cDNA is required.
PCR amplification generates a library of DNA fragrseof precise sizes that are compatible
with the sequencing system to be used. Sequendeterdst, which can range from the entire
genome to specific RNA transcripts, are combinedréate primers. Amplicons, also known
as amplified DNA or cDNA fragments, are bound tatigalar oligonucleotide sequences at
the adaptor ligation stage so that they can interfaith the surface of a sequencing flow cell.
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A unique identity, or barcode, is also ligatedhe amplicon if a large number of samples are
to be sequenced in a single run. The resultingiiés can then be combined into a single
sequencing run and "demultiplexed"” during the asialgf the data. [13].

Step 3: DNA Sequencing: An NGS platform is used for parallel sequencinge Bequencer
"reads" the nucleotides one by one after loadieditivary. The amount of reads generated is
determined by the sequencing platform and kit a¢di Pyrosequencing, sequencing by
ligation (SOLID), sequencing by synthesis (SBSuntiina), and lon Torrent sequencing are
a few of the NGS methods that have been develdpdd [

* Platforms of Illumina: Several sequencing approaches exist, despite thetHat all
NGS platforms sequence millions of tiny fragmerft®NA or cDNA. Some systems can
generate more reads or longer reads than othemninla invented and popularized the
most frequently used and successful sequencingitpai Illumina sequencers make use
of a glass flow cell that has been coated withiomB of complementary Oligonucleotides
to the sequencing adaptors. Each library fragmeatmplified after hybridizing with the
primers, resulting in millions to billions of clohalusters. The fluorescently labeled
nucleotides are then employed to create a comptamgstrand for each piece. The flow
cell is photographed after each labeled nucleatidaejected, and the fluorescence from
each cluster is recorded. The template sequendeté&smined by the wavelength and
intensity of the fluorescence emission [15].

Step 4: Analysis of Data and Alignment: Following the completion of the sequencing
procedure, particular software is utilized to maense of the massive amount of data
collected. Variant annotation can be used to canwagants to known genes or regulatory
regions once data have been matched to a refegemmeme [16]. The use of NGS in
healthcare, as well as variant identification andharous gene panels will be discussed. A
cohesive section discussing the essential Next I@goe Sequencing characteristics in the
clinic should be useful for newcomers, scientistsearchers, and health care providers who
translate genetic information into genomic medigitig.

* Clinical Applications. NGS has recently enabled greater understandingeokt
disorders and has emerged as a critical technabufinovation in the field of detection
and medical practice. NGS enables the examinaticgeweral parts of the genome in a
single reaction, and it has been demonstrated tanbaffordable and effective tool for
investigating genetic disorders in individuals. N@&herated genomic data has
significant implications for medical practice, inding the accurate identification of
disease biomarkers, the detection of inheritedrdess, and the finding of genetic factors
that may help predict drug reactions [18]. Howewénical adoption guidelines for NGS
are still being contested, restricting its applmatin the genetic clinic. Technology of
sequencing is used in several molecular diagn@giproaches, single- and multi-gene
panel tests, cell-free DNA for non-invasive prehggating, and whole-exome and whole-
genome sequencing (WES and WGS) are examples bfemsays. Due to the recent use
of NGS as a diagnostic tool, questions about wbesrder, who to order from, and how
to interpret and inform the patient and family loé tresults have come up. As a result, in
order to identify which method is most suited tayscenario, you must first grasp its
application, strength, and limitations [19].
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» Panes of Multi-Genes:. The traditional method is still highly effective rfanany
ailments. Testing of single-gene is recommendednvéhpatient's clinical symptoms are
typical for a specific condition and the link bewethe disease and the individual gene is
well established with little locus heterogeneitp]2However, due to clinical diversity
and genetic locus heterogeneity, many genetic diessy X-linked intellectual disability,
congenital muscular dystrophy, epilepsy, and camrcsgkl in families with unusual
phenotypes are a few of the more challenging disggoalong with cardiomyopathies.
[21]. The process of diagnostic has concluded, wiihical evaluation followed by
sequential laboratory testing, the majority of whigere negative. Undiagnosed genetic
illnesses (some examples include developmentalyfelgnitive disability and autism
spectrum diseases) have a high diagnosis rateehe&multi-gene panel is preferable.
Tothill and colleagues show how these multi-geneefgm might be used in cancer
diagnoses by evaluating samples from patients waticers of uncertain origin (CUP).
The lack of a particular origin hinders clinical magement of CUP patients, and this
form of NGS analysis could be used to find newdpeutic possibilities. Multiple genes
linked with a certain phenotype are simultaneossiyuenced and assessed in multi-gene
panel testing, which lowers costs and boosts tleetefeness of genetic diagnostics. [22].

1. SEQUENCING OF THE COMPLETE GENOME AND EXOME

Sequencing whole-genome is a technique for detémgrian organism's complete
DNA sequence all at once. The primary advantag&VQS is that it covers the entire
genome, including promoters and regulatory regioMhole-exome sequencing (WES)
sequences all coding regions in great detail. &pdind functional areas of the genome
contain 85% of the mutations that result in illneascording to Botstein et al. Exome
sequencing therefore has the potential to shedt laggh the aetiologies of numerous
uncommon, genetically monogenic abnormalities adl we predisposing variants in
prevalent illnesses and cancers [23]. In order dnegjcally diagnose congenital chloride
diarrhea in individuals who were thought to havert®®a syndrome, a renal salt-wasting
condition, Choi and colleagues employed WES inicdihpractice in 2009. Six patients who
lacked mutations in the classic Bartter syndromeegaunderwent WES. All of the patients
exhibited a homozygous deletion in the SLC26A3 geesulting in a molecular diagnosis of
congenital chloride diarrhea that was later clilycaerified Long-range PCR or Sanger
sequencing. The 'known' phenotype-specific genelpaare covered more thoroughly, and
compared to WES, our customized approach enablepedecoverage of these genes,
boosting confidence in the discovered variatioAl.NGS systems, however, are susceptible
to sequencing abnormalities, and the Sanger mathadlvised before releasing results to
patients [24]. Furthermore, all components of WEfl &GS must be explained to the
patient and their family. It is critical to infortmem that the test might not be accurate to
produce favorable results and that positive reswitsle providing diagnoses, do not improve
prognosis or therapy.

1. Sequencing of RNA: The entire collection of RNA molecules from evegngme at any
time or place is known as a transcriptome, inclgdimtranslated RNA species like
microRNAs (miRNAs), is crucial in many biologicalgzesses. RNA-sequencing (RNA-
sequencing) is a transcriptomic technique thathregan in-depth RNA analysis using
technologies of NGS [25]. A well-planned RNA-seqceg experiment typically
includes preparation of samples, library creatisequencing, and data interpretation.
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However, due to the abundance of potential experiaiepossibilities, extensive
preparation and expense estimation are necesséyebeeginning. Examples include
throughput, read length, sequencing depth, andragee Discovering new genes and
isoforms, gene fusions, splicing and chimaera tiana, genomic changes, and
guantifying gene expression are all made possiplRMA sequencing. [26]. Despite the
fact that RNA sequencing performs better than naicay in transcriptome analysis,
clinical applications are still in their infancy érwon't, for instance, replace current
methods. RNA-sequencing is viewed as a supplententatitional methods, assisting
doctors in making decisions based on the require&snand resources at hand. RNA
analysis has practical applications in a wide raofyjauman health domains, including
drug selection, disease diagnosis, and therapy [27]

Infectious illness diagnosed clinically with RNAegeencing is currently
uncommon because the most often used approaclhrdisrdetection is quantitative PCR
(RT-gPCR) and genotyping. In virology, NGS diagmosipplications can be utilized to
study patients with unusual illnesses, particulavhyen outbreaks and epidemics occur.
Additionally, it has the detection of novel pathongge the characterization of viral
communities, and the reconstruction of the fullavigenome, antiviral medicine
resistance, epidemiology, and transcriptome rebkeaithe use of next-generation
sequencing and the application of NGS to virology r@aising our understanding of the
dynamics of viral infections and how they relatdtonan health and medicine [28, 29].

NGS is also useful for detecting circulating tunodRNA. The investigation of
ctRNA is still present in plasma its early staged presents distinct challenges. Because
circulating tumor DNA (ctDNA) degrades faster tharculating tumor RNA (ctRNA), it
must be separated rapidly or placed in preservamations and frozen at 80°C, a
method that is not always available in many clihsettings. Despite these challenges,
ctRNAs show promise for early detection of a raomfigumor types, including breast,
lung, prostate, and colorectal cancer. Despiteféloe that NGS is a more advanced
approach for detecting ctRNA, RT-gPCR is still margeful for clinical diagnostic
applications [30].

2. Epigenetics. Epigenetics is a rapidly emerging field that hasré&aching implications for
health and clinical diagnostics. In the 1940s, @dnvwaddington invented the word to
describe the investigation of heritable alterationgene expression and activity without
altering the DNA sequence, i.e. a phenotype chawghout a genotype change.
Epigenetic processes are there is yet more gendatey, and NGS enables researchers
to determine the status of epigenetics on a brdad aingle base-resolution scale,
particularly non-coding RNA (ncRNA)-associated sdimg, methylation of DNA, and
modification of histone [31]. DNA methylation wadet first epigenetic process
discovered, and it is the most well-known and pleviain cancer patients. It entails
methylating cytosines in CpG (cytosine/guaninepands and covalently modifying
cytosine. DNA methyltransferases (DNMTs) maintdiis imethylation, which is required
for gene transcriptional repression, transposalament silencing, and virus protection.
Active chromatin has unmethylated DNA, whereas timac chromatin contains
methylated DNA [32].
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Alterations made to histones after they have beanskted, for example
acetylation and methylation of conserved lysinesttmn regions of the amino-terminal
tails, are chromatin activity markers: acetylatien found in active euchromatic or
heterochromatic regions, in contrast, hypo acebpais present in inactive euchromatic
or heterochromatic areas. Histone acetylases, nastdeacetylases, and histone
methyltransferases are some of the enzymes invalvéds process. Gene expression is
altered through epigenetic cell changes, which aao result in inherited diseases or
acquired human illnesses because epigenetic machsueontrol DNA accessibility [33].

. APPLICATION OF NGSIN AGRICULTURAL BIOTECHNOLOGY FOR CROP

IMPROVEMENT

Genetic Modification: The use of selection using genetic markers fatoia has
considerably risen over the last thirty years. Ksato fast genomic resource buildup,
researchers now have access to an unprecedentetityjoé data to access and regulate
beneficial genetic variation for enhancement ofpsr§34]. In order to create superior
cultivars for sustainable agriculture, genomic-stesl breeding is expected to increase the
precision and effectiveness of breeding programniuess like genomics have emerged
as a result of genotyping's incredibly high thrgugthand declining cost breeding-assisted
genomics and breeding-assisted breeding [35]. Tierrational Consortium of
Agricultural Research Centres has adopted a neadjgan that promotes using "Omics"
and interventions facilitated by bioinformatics dealuate the level of genetic variation
that is currently present, to broaden the genedmelby creating new intra- and inter-
species variations, and to create novel cultivaiagimore efficient selection methods
that combine desirable and unique features. Thmaltk objective is to hasten genetic
gain, which would boost food and nutritional segunn developing nations while being
environmentally sustainable. The enormous advamntegience and technology in the
fields of genetics and bioinformatics can benefiaholder farmers in underdeveloped
countries. Genetic advancement can be extremelgriiamt for increasing crop output in
underdeveloped nations with limited access to afjucal inputs in a way that is
environmentally sustainable. Modern genomic tealesgand procedures are being used
to design an efficient and productive breeding pldnven by continually dropping
genotyping costs and remarkable advancements irpatational capacities. The main
obstacles to breeding progress include slow gegetit, complicated traits, and genotype
by environment interaction. Before the advent ofS\@eglected crops in Africa suffered
from a lack of genetic data in addition to theseggal limitations. Re-sequencing the
entire genomes of thousands of accessions is naaciical way to access genome-wide
nucleotide variation, as is using one of the comiplereduction techniques to create
high-density, genome-wide SNP markers linked todrtemt agronomic traits related to
quality, environmental resistance, and biotic sss These technical developments
allowed for the creation of experimental populasiovith multiple parents as well as the
conventional genetic mapping inside specific biptakcrossings. The efforts of [ITAs
(and CGIARS) to address crop productivity and otigricultural challenges have been
well-documented [36].

Genetic Resour ce Management and Utilization: In order to protect crop genetic variety
from continuous decline, gene banks are cruciabréter to continue adapting to shifting
environmental conditions and consumer demands, thgyply genetic variety for
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breeding [37, 38]. The ability to generate enormaumsounts of data from DNA
sequencing technology has recently advanced, pravia chance to better explore the
genetic variation preserved in the vast germplasiteations held in trust by the CGIAR
and boost the effectiveness of gene banks. TheGIAR gene banks preserve more than
666,000 accessions of primarily food crops [39]e Thajor African food crops cowpea,
soybean, maize are maintained by the Internatitmstitute of Tropical Agriculture
(IITA). Along with other essential crops for emerginations, including grass pea, and
their wild cousins, the aforementioned were judgederstudied. To promote the use of
all accessions and other genetic stocks used iedbrg plans, these stocks must be
thoroughly characterized [40, 41]. Although mormugital descriptors have typically
been used by genebanks to categorize germplasynatéesignificantly influenced by the
environment and different stages of plant develapgn#?]. Additionally, there may not
be as many characteristics as there should be hwhakes it much harder to tell apart
consanguineous kinds [43]. Technologies for mokecuharkers have allowed for the
classification and application of a significant amb of genebank material [44].
However, due to their low prevalence in the genopregr to the invention of NGS,
marker systems that sample a portion of the gerfuaddimited applicability. Thanks to
NGS, a substantially higher density of marker asialys now feasible. Using NGS for
genotyping techniques like GBS, it has been useadvestigate the genetic diversity of
both farmed and wild varieties of yam. [45]. Inlsedre subjected to whole-genome
fingerprinting as part of public and private brewgiinitiatives to better understand
genetic diversity at the haplotype level [46].

3. Breeding Data Management: By applying cutting-edge Omics technologies, bregdi
projects in impoverished countries may improve ghecess of their breeding initiatives.
There is a growing push to take advantage of imgments in the methodologies of
computational biology and information and commuticca technology in order to
effectively use a variety of morphological, genetiakeup and other datasets to supply
conclusive supportive tools at various points ia breeding process. Analysis requires
efficient informatics tools, automated data analyspelines, and decision-making tools
and integration in modern breeding strategies @& and MAS because they involve a
flood of genotype data, including SNP markers predurom GBS, newly discovered
statistical analysis to compute GEBV, and a lohighly-efficient morphological data.
[47]. For the efficient use of such massive quadibf genotypic, phenotypic, and other
data, informatics, database, and decision supgstems must be developed. Scientists in
developing countries now have access to a low-gesiotyping platform thanks to
multiple bilateral researches for development mtsjeThe instruments for integrating,
analyzing, and making decisions will be made easidn the help of current breeding
tools and management procedures, but advancemeot igossible without them. The
breeding management system (BMS) of the integrateéding platform (IBP), which
was developed and marketed, is one effort thainati® to give some of these tools. The
BMS service is offered by IBP regional hubs, whigk hosted by collaborative research
organizations like IITA in Nigeria and placed stgitally throughout developing
countries. The hubs promote the adoption, adaptatiod utilization of BMS and similar
facilties, primarily through self-sufficiency dewgment, technical assistance, and
knowledge of particular crops. IBP already includeplemented tools and information
for over 10 crops, inclusive of trait dictionari@sd diagnostic markers [48, 49].
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Plant breeding in the modern era and genetic sigidiyterdisciplinary, and this
multidisciplinary is supported by the collectiomadysis, and use of "big data" from both
field trials and laboratory investigations. Anatgi chemistry is used in laboratory
analysis to profile nutritional content and othegtabolites, which calls for an effective
data management system. An efficient data manadgesystem is required because
analytical chemistry is employed in laboratory gs@ to profile nutritional content and
other metabolites. To make it easier to integratgous data from plant breeding, such as
phenotypes from field experiments, a large opersxaatabase containing phenotype
and marker data, as well as trial design, depeerdaid user-friendly database is required
for genotypic data, gene expression, and analytbamistry. Additionally, a database
like this must include built-in quantitative gemstianalytic tools and pipelines that would
enable breeders to do more than only store antbvetraw data but also to compute
breeding values and selection indices, plan crgssiend conduct field trials [50- 52].

V. ENVIRONMENTAL BAR-CODING: NEXT-GENERATION SEQUENCING

Keeping the environment healthy and the economstasable depend on an
understanding of biodiversity that is vital to emgital study. But biodiversity science
continues to be an area of unknowable. Since lengsdegan the effort 250 years ago, more
than 1.9 million species have been formally desdijbalthough it is thought that 10-100
million species currently exist on Earth [53]. Asresult, not only is our depiction of
biological variability laboriously lethargic, bute reality is that our best estimate of the total
amount of species on Earth is subject to ordemrsagnitude uncertainty [54] shows that the
tools and methodologies in use today are insufficfer making an accurate evaluation.
"What species make up this ecosystem specificallyat are the alterations in biodiversity
across time, space, and in relation to upcomingremwmental changes? Using biotic surveys
to evaluate change in vulnerable ecosystems, bidoromg programmes attempt to provide
answers to these two fundamental issues. Both epiaare challenging to respond to
consistently and on time, and they are almost isiptes to put into practice as monitoring
targets. Because species are vulnerable to envaotaindisruptions that modify their natural
territory, ecological authorities are increasingdynploying biomonitoring approaches to
assess ecosystem condition and trends. Howeveng usonventional morphological
approaches, it has proven challenging to idenaikataccurately and consistently. This is
especially true for the extensive macro invertebisampling used in river biomonitoring,
where it is frequently impossible or difficult talantify larval stages below the level of
taxonomic family. Large-scale biomonitoring prograes have been difficult to execute as a
result, especially in relatively less populous orasi like Canada where remoteness and a lack
of familiarity with the local fauna present congiae logistical challenges. The
development of DNA sequencing by Sanger revolutieti every area of the biological
sciences [55]. At almost any level of the taxononhierarchy, from individuals in
populations to species to the farthest reacheleoftee of Life, DNA sequence information
can give a wealth of replicable and robust gerdsdta. Ecologists and evolutionary biologists
now have the chance to address topics that they weable to do so using other types of data
thanks to DNA sequence-based analysis. Recent gspecially after the concept of DNA
barcoding was introduced in 2003 [56]. To createomamon sequence library for all
eukaryotes, efforts to focus DNA sequencing efforistiny, species-specific sections of the
genome known as DNA barcodes have been succefsiub8]. By comparing the query
sequence to a DNA barcode reference library creagedy known species, DNA barcoding's

Copyright © 2024 Authors Page | 152



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-391-4
[IP Series, Volume 3, Book 19, Part 4, Chapter 8
THE ROLE OF NEXT-GENERATION SEQUENCING (NGS) IN
BIOTECHNOLOGY: ADVANCEMENTS AND APPLICATIONS

primary goal is to recognize unknown specimen$iatspecies level. [59]. It is also possible
to use sequence variation trends to locate novkcayptic species. By sampling more genes
or people, DNA barcode programs can shift to pdpmrdevel research or in-depth
phylogenetic difficulties [60]. The DNA barcode dbtse presently has about 1.1 million
individuals from over 95,000 species, all of whiglre contributed in the last seven decades
[61]. But given that DNA barcoding has spent thst Iseven years primarily focused on
proof-of-concept initiatives to increase applicatithirough the creation of better protocols,
this advancement is substantial [62-64]. The higltighput analysis of DNA barcodes has
overcome significant obstacles, and single anallfaxilities can currently analyze hundreds
of thousands of samples annually. Sequence covema@NA barcode libraries will be
significantly increased by international initiatevdike the International Barcode of Life
project and other coordinated efforts to barcoaertamic groups or regional biota.

Considering that Sanger-based DNA sequencing hawmsrated its dependability
for building substantial sequence libraries, inodgd DNA barcode reference libraries,
because bulk environmental samples can containsémuis of people from hundreds of
species ranging from higher eukaryotes to bactdria, not a feasible strategy for dealing
with them. Separating such individuals and utiligirsingle-species samples Sanger
sequencing has historically been difficult and @ ourrently feasible using conventional
procedures for some materials. Cloning and seqngnai library of cloned fragments
somewhat solves this issue, but this approach mawbadcks and can induce biases.
Consequently, a single-specimen Sanger sequeneaigitjue cannot be used to routinely
conduct large-scale biomonitoring programmes oreotharge-scale investigations of
biodiversity in ecological and environmental stedi®o put it another way, even while 96-
well and even bigger collections of samples candeal in traditional Sanger sequencing, it is
laborious to sort and segregate each individuabroggn into sets of 96 samples for
processing. The number of organisms in a typicalirenmental sample ranges from
hundreds to thousands, and a biomonitoring regneguently calls for many environmental
samples to be taken repeatedly over time and tmtatks a result, the bottleneck in this
instance might not just be at the DNA sequencingsphbut might also be at the steps of
collecting, sorting, and preparation. It is labasptime-consuming, and expensive to work
with specimens one at a time. The 454 Genome SequéibX is the primary NGS platform
for biodiversity investigations because larger seme lengths result in improved taxonomic
resolution [65, 66] because it can provide sequeeadings that are 250—-400 bases long as
opposed to the two rival platforms' less than 188ebreads. This trait is crucial since each
sequencing reaction's sequenced DNA fragments @séHCR products) would be subjected
to a bioinformatics analysis in order to calculdi®diversity metrics from a set of
environmental samples. Longer sequences have beend fto deliver more precise
biodiversity data, including species-level resanti[67]. For determining the variety of
bacteria in the sample, these investigations afssnsequence variation in a brief fragment of
ribosomal genes. Statistical clustering techniglies BLAST are used to compare the
outcomes to a relatively large sequencing librdr§&5 genes [68]. For large environmental
samples of eukaryotic species, the same methotheased. It has been demonstrated that a
short mini-barcode fragment of the mitochondriatochirome c oxidase 1 (COIl) DNA
barcode sequences—a sequence length that can dreabeasily and reliably through 454
pyrosequencing can provide the details necessarigéatifying specific species with more
than 90% species resolution [69-70].
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VI. SUMMARY

Role of Next-Generation Sequencing (NGS) in Bibtedogy: Advancements and
Applications,” explores how NGS technology has hetionized biotechnology. It delves
into the foundational principles and evolution d&8, emphasizing its accessibility and cost-
effectiveness. We tried to highlight the diverseplegations of NGS in animal and plant
biotechnology, from studying the human genome tsg®alized medicine, agriculture, and
environmental monitoring. It also addresses metlogyo for data analysis, providing a
comprehensive view of NGS's transformative impacbimtechnology and the life sciences.
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