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Abstract: The development of Next generation sequencing (Massively Parallel Signature Sequencing) took
place  in  late  20   and  early 21  century. The first Next generation sequencing technology was started by ath st

USA based Lynx Therapeutics Company in 2000 and it represented the next step in the evolution of DNA
sequencing, through the generation of thousands to millions of DNA sequences in a short time. Innovative
fields and applications in biology and medicine are becoming a reality, beyond the genomic sequencing which
was original development aim and application. The traditional medicine model of diagnosis has changed to one
precision medicine model, leading to a more accurate diagnosis of human diseases and allowing the selection
of molecular target drugs for individual treatment. A new generation of non-Sanger-based sequencing
technologies has delivered on its promise of sequencing DNA at unique speed, thereby enabling impressive
scientific achievements and new biological applications. The potential use of Next generation sequencing in
precision  medicine  is  vast and a better awareness of this technique is necessary for a successful execution
in the clinical workplace, personal genomics with full analysis of individual genome stretches; exact analysis
of  RNA  transcripts  for  gene  expression and replacing in several analysis by various microarray platforms.
An integrated part describing the main Next generation sequencing aspects in the clinic could help beginners,
scientists, researchers and health care professionals, as they will be responsible for translating genomic data
into genomic medicine.
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INTRODUCTION sequencing, referred to as a ‘first-generation’ sequencing

Next   generation    sequencing    techniques  are NGS allows identifying biomarkers for early diagnosis as
high-throughput technologies with proficiencies of well as for personalized treatments. The emergence of
sequencing huge numbers of diverse DNA (massively NGS has changed the way clinical research, basic and
parallel) sequences at a time. This technology monitors applied sciences are done. The NGS allows producing
the sequential addition of nucleotides to immobilized millions of data with a smaller investment [3].
DNA templates made from target tissue [1]. Unfortunately, NGS  technology  is  gradually  used in many fields.
the increased throughput of NGS (next-generation’ Its  possibility  to  gain  large amount of data, discover
sequencing)reactions comes at the cost of shorter new and essential information about the human genome.
sequences, as most sequencing platforms (Illumina, This feature opened many contexts of effective
Roche, SoLiD) offer shorter read lengths (30–400 bp) than applications. The first was whole-genome sequencing
the conventional Sanger-based method. These shorter (WGS), a method intended for entire genome sequencing
sequences  are  then  collected  into longer sequences which offers the most complete landscape of genomic
such as complete genomes [2]. In recent times, Sanger information  and  possible   biological   consequences  [4].

method,  has  partly  been  replaced  by NGS methods.
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Next  generation  sequencing  technology   is  presently generation sequencing (TGS) has evolved; though, it is
the hottest topic in the field of human and animal’s still in its beginning [8]. There is scarce information on
genomics researches [5]. It uses parallel sequencing of advantages and applications of NGS technique. Therefore
multiple  small  fragments  of  DNA  to  determine the aim of this seminar is to review recent information of
sequence [6]. In opposite to Sanger sequencing, the historical emergence, advantages and applications of next
rapidity of sequencing and amounts of DNA sequence generation DNA sequencing.
data generated with NGS, which is reflected a “high-
throughput technology”, are exponentially better and are Literature Review
made at significantly low costs [7]. Historical Emergence of next Generation Sequencing

Until recently, the Sanger sequencing method was Technique: In 1908, Garrod announced the idea of ‘inborn
the  most  widely  used sequencing technique and mistake of metabolism’ that altered the parts of
resulted in the merely complete human genome sequence biochemistry, genetics and medicine. His major
[8].  This  technology  depends  on  incorporation of contribution was the understanding about the link
chain-terminating dideoxynucleotides during DNA between gene-enzyme and the molecular basis of genetic
replication [9]. Fluorescently labeled terminators, capillary diseases. Even though nowadays this concept is
electrophoresis separation and laser signal detection have considered outdated because of findings like RNA
improved the throughput of Sanger sequencing [10]. splicing, RNAi and others, his contribution permitted the
However, it remains labor-intensive, time-consuming and researchers to know how changes in DNA sequence
expensive soon done in large scale. Consequently, the probably will cause genetic disease. This finding
request for quicker, more precise and more cost-effective enhances the interest of scientists to know about human
genomic information has directed to the development of DNA sequence and mutations. The quest to understand
NGS methods [1]. Another potential application of NGS is the nucleotide sequence of DNA began in the 1960s [11].
to advance the diagnosis of cancer. Poor tissue sampling Scientific improvements in whole genome sequencing
and processing can often make a histological diagnosis progressed through three major technological revolutions:
tough. NGS-based analysis of tissue can be performed on first generation sequencing (whole genome shotgun
small amounts of viable tissue and is accurate when sequencing), next generation sequencing (NGS high
sufficient information regarding causative mutations is throughput sequencing) and the third generation of
known, as the genomics of different tumors become sequencing (single molecule long read sequencing) [12].
apparent, it can be used to identify different molecular In  1977  Sanger  established  the  technique termed
subtypes, which is already becoming common with ‘Chain-termination’ that became the extremely used
sarcoma fusion proteins [10]. method (first generation) to sequencing DNA at a time.

Next generation sequencing technology is The technique involved the use of dideoxynucleotides
progressively used in many fields. Its power owns the (ddNTPs), which are deoxynucleotide analogs (dNTPs)
ability  to  gain  huge amount of data and discover new that interrupt DNA production and the separation of the
and  essential  information  about  the human genome. diverse DNA fragments in a gel [15, 12] andthe
This feature opened many contexts of successful development of the polymerase chain reaction and the
applications. The first was whole-genome sequencing parting of DNA fragments by capillary electrophoresis
(WGS), an approach intended for entire genome continued [14].
sequencing. It offers the most complete landscape of The next (second) generation of DNA sequencing is
genomic information and possible biological the period of the parallel massive sequencing on a micro
consequences [4]. The NGS is basically diverse approach scale. The technique was established by Nyrén and
to sequencing that lead to several ground-breaking colleagues in 1996. It varied considerably from previous
discoveries and brought a new revolution in genomic ones as it did not use radio or fluorescence-labeled
research by revealing limitless insight related to genome, nucleotides and there was no need of electrophoretic run.
transcriptome and epigenome of any species. Hence, NGS The technique is based on the action of two enzymes:
technology  has brought a new revolution in the welfare ATP sulfurylase and luciferase. This method releases light
of human society. NGS allows sequencing of large stretch signal in proportion to the amount of nucleotides
of  DNA  base  pairs,  producing  hundreds of gigabases incorporated and the sequence can be determined
of data in a single sequential run. More recently, third according to the serial addition of nucleotides [15].



Global J. Biotech. & Biochem., 14 (1): 01-07, 2019

3

In future, this technology was promoted and licensed databases where the sequencing information of single
producing the first ‘second-generation’ equipment, patients can be stored, resulting accessible for future use
known as 454 (Roche). These amendments and the use of by clinicians in terms of retrospective analysis and,
microplates that grouped the process and high-definition possibly, therapeutic conclusions [21].
detection systems completely increased the amount of Diverse bioinformatics tools are supplied with the
DNA sequenced and defined the second generation [16], NGS platforms, but additional measures are crucial to
since they advance the accuracy of mapping, mainly in encourage good data generation and interpretation [22].
repetitive regions or where DNA rearrangements or gene High-throughput sequencing of the human genome helps
fusions occur. The method uses ‘reversible terminator us to discover genes and regulatory pathways related
chemistry’ which is a modified fluorescent dNTP that with disease. It helps in the faster diagnosis and outcome
reversibly blocks DNA synthesis, so the addition of each of disease-targeted sequencing may help in better
nucleotide  can  be  harmonized and monitored by a therapeutic decision-making for several genetic diseases,
charge-coupled device (CCD) sensor [17]. This is one of including many cancers. RNA-Seq (NGS of RNA)
the most precise and with lowest error rate of sequencing provides complete transcriptomic information of a sample
methodologies used currently; though, it commonly without any need of previous knowledge associated to
requires advanced DNA concentration. Alternative genetic sequence of an organism. RNA-Seq provides a
methodology is based on oligonucleotide ligation strong alternative approach to Microarrays for gene
sequencing known as SOLiD and developed by Applied expression studies and let the researchers imagine RNA
Biosystems. The method does not do sequencing by expression in the form of sequence  [23]. Different study
synthesis but by ligation of oligonucleotides is common in medical genetic, where DNA sequence and
fluorescence-labelled. The template from primer (n) is data are compared with a reference sequence to list the
removed and the second round of sequencing is differences. These differences may range from single
performed  with  a primer complementary to the (n-1) nucleotide polymorphisms (SNPs) to complex
position  [18]. Third-generation is sequencing uses chromosomal rearrangement [24].
parallel  sequencing  similar  to  NGS, but unlike NGS,
third-generation sequencing uses single DNA molecules Next Generation Sequencing Cancer Genomics
rather than amplified DNA as a template. Thus, third Identification: Currently, NGS has been used to
generation sequencing potentially eliminates errors in characterize genomic changes such as mutations,
DNA sequence introduced in the laboratory during the insertions/deletions and copy number changes and the
DNA amplification process [19]. frequency with which they occur in various tumor types.

Application and Advantages of next Generation Consortium (ICGC) and The Cancer Genome Atlas
Sequencing: Next-generation sequencing technology (TCGA) aim to set such genomic alterations across many
considered as the future of high-throughput data analysis tumor types [25]. Comparison of sequenced genomes to
and genomic  sequencing,  providing  a  way to gain reference genomes permits for the identification of
high-throughput  data  with  sensitivity  and  specificity. genome changes that may be important in disease
It offers the possibility to have massive parallel multigene development and progression [26]. However, such
sequencing in few hours, with essential time and cost comparison depends on the launch of extensive and
reduction, by using very small amount of nucleic acids precise reference genomes, which is a bulky task.
[20]. The clear potential of these technologies is to Additionally, the complexity of genomic deviations in
improve sequencing ability, leading to more complete cancer marks it difficult to depend on standard reference
definition of the genomic background. This is vital, genomes [2].
particularly for the study of complicated diseases, such as Consequently, simplified methods of identifying
cancer, since it permits to obtain a wider view of the driver mutations  are  necessary.   Numerous  theories
genotype. NGS techniques can provide valuable data exist for the potential identification of driver mutations.
about mutational status, copy number differences, One of such hypothesis is that mutations that happen
transcriptomics and epigenetics with the occasion to with higher frequency are more likely to give to tumor
combine current existing single genetic tests into an development and growth. Genome-wide association
exceptional test able to detect multiple variants. Great care studies (GWAS) aim to compare the incidence of
should be focused on the probability to generate commonly known single nucleotide polymorphisms

Efforts such as the International Cancer Genome
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(SNPs) in genomes from patients with and without a particular  disorder  and  the  link  between the disorder
specific disease. SNPs that happen at a higher frequency and the specific gene is well established and has the
in the diseased population are identified as potentially minimal locus heterogeneity [29]. It is more appropriate.
causative. If a specific mutation is not found in high For instance in diagnosis of cancer Tothill and colleagues
frequency, but the same molecular pathway contains [30] demonstrated  the  application of this multi-gene
frequent genomic changes, those changes may also be panel by analyzing samples of patients with cancers of
significant. Another theory is that changes present in unknown primary. The clinical supervision of patients
both germ line and tumor tissue of the same patient is with CUP is hindered by the lack of a definitive site of
likely to be essential to tumor development [27]. origin and this kind of NGS analysis could help to define

Next Generation Sequencing Aid in Clinical Decision: genes associated with a specific phenotype are
Nowadays NGS has made possible a better understanding sequenced and analyzed concurrently, decreasing cost
of genetic diseases and became an important and improving efficiency of genetic diagnosis.
technological advance in the practice of diagnostic and The conversion from single-gene to multi-gene
clinical medicine. NGS allows the analysis of multiple testing should not compromise the sensitivity of the test
regions of the genome in one single reaction and has been to identify variants, principally at genes that are
shown to be a cost-effective and an efficient tool in responsible for a significant proportion of the defects
investigating patients with genetic diseases. Genetic data (core genes). The sensitivity of NGS does not depend
produced  via NGS provides significant benefits to only on horizontal coverage but the vertical coverage is
medical practice including accurate identification of important as well. Additional genes will increase the
biomarkers of disease, detecting inherited disorders and chance of the diagnostic, but this should not be at cost of
identifying genetic factors that can help predict responses missing mutations that would previously have been
to therapies. detected by single-gene testing. Sanger sequencing or

However, recommendations on clinical other available techniques can help to solve this problem
implementation  of NGS that are still in discussion and for filling in low-coverage and no-coverage regions [31].
that hamper its use in the genetic clinic. A variety of
molecular diagnostic test use sequencing technology, Whole-Genome and Exome Sequencing: Whole-genome
such as single- and multi-gene panel tests, cell-free DNA sequencing (WGS) also recognized as, full-genome
for non-invasive prenatal testing, whole-exome sequencing, complete genome sequencing or entire
sequencing (WES), whole-genome sequencing (WGS). genome sequencing is the process of determining the
Considering that the use of NGS as a diagnostic tool is complete DNA sequence of an organism's genome at a
recent, there are challenges including when to order, on single time. The major benefit of WGS is completed
whom to order and how to interpret and communicate the coverage of the genome, including promoters and
results to the patient and family [10]. Once driver regulatory  regions. In whole-exome sequencing (WES),
mutations  have  been  identified  in  a  tumor,  the next all coding regions are sequenced with a relatively deeper
step is to assess whether those mutations are depth. Compared to WGS, the major benefit of WES is a
“actionable.” Actionable alterations affect the function of significant cost  reduction [32]. NGS tools are still prone
a cancer-related gene and can be targeted with approved to sequencing artifacts and Sanger sequencing is
or investigational therapies. Assessing functionality is a recommended to confirm the variants detected before
difficult task and requires predictive knowledge of returning the results to the patient [33].
genome alterations. Often, early-phase studies are used to
assess the role various mutations based on rates of RNA-Sequencing: RNA-seq permits detection of new
response to targeted therapies. However, enrollment in genes and isoforms, gene fusions, splice and chimeric
such studies requires that physicians be aware of genome variants, genomic alters and gene expression
alterations and potential trials for each patient [28]. quantification. Though, RNA-seq outperforms microarray

Common Applications of Next Generation Sequencing complementary method depending on the needs and
Techniques into Clinical Practice resources available, assisting clinicians in making
Multi-Gene Panels: Single-gene testing is selected when decisions. In clinical practice, RNA measurement has
the clinical features for a patient are distinctive for a applications  across  different  areas in human health such

new therapeutic options. In multi-gene panel tests, many

in transcriptomic analysis [34]. RNA-seq is considered a
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as therapeutic selection, disease diagnostic and treatment is  the  evaluation  of  circulating  tumor cells or free
[35]. Clinical diagnosis of infectious disease through plasma DNA to detect early relapse or residual cancer.
RNA-seq is still rare, since quantitative PCR (RT-qPCR) Once tumor-specific genome alterations have been
assays are still the most common technique used for viral identified by NGS, PCR assays could be used to detect
detection and genotyping. Applications of NGS in circulating tumor cells or free-plasma DNA harboring the
virology diagnostic can be used for analysis of patients same changes. Disease status, drug responsiveness and
with mysterious illness, mainly during outbreaks and relapse could be serially evaluated. The monitoring
epidemics [36]. NGS is a more powerful tool for ctRNA strategy would, yet, require the mutation being tested be
detection; however, RT-qPCR remains more usable for present in all tumor cells and remain present in the course
clinical diagnostic applications [37]. of disease [42].

Epigenetics: An emerging arena that has a great impact CONCLUSIONS
on medicine and clinical diagnostic is epigenetics.
Epigenetics mechanisms embody another layer of gene Next  generation  sequencing  is  a  new  technique
regulation and NGS permitted to recognize the epigenetics for sequencing genomes at high speed and minimal cost.
status on a large scale and at a single base-resolution, It stands out as one of the most powerful and effective
with mainly DNA methylation, histone modification and approach for fast DNA/RNA sequencing. Next-generation
non-coding RNA (ncRNA)-associated silencing. DNA high-throughput DNA sequencing techniques are
methylation was the first epigenetic mechanism identified opening fascinating opportunities in the life sciences.
and is the best known and the most frequent in human Novel fields and applications in biology and medicine are
cancer. It involves covalent modification of cytosine becoming a reality, beyond the genomic sequencing
through the addition of a methyl group to cytosines of which  was  original development goal and application.
CpG (cytosine/guanine) islands. This methylation is The next-generation sequencing technologies offer
maintained by DNA methyltransferase (DNMTs) and original and rapid ways for genome-wide characterization
plays roles for gene transcriptional repression, and profiling of mRNAs, small RNAs, transcription factor
transposable elements silencing and viral defence. regions, structure of chromatin and DNA methylation
Unmethylated DNA is found in active regions of patterns, microbiology and metagenomics. Finally, NGS
chromatin and methylated DNA is found in inactive can identify molecular aberrations that render tumors
regions [38]. exquisitely sensitive to certain therapies, resulting in

Next Generation Sequencing in Genomic Evolution, improve our understanding of molecular features that can
Intertumor and Intratumor Heterogeneity: Complicating predict response to certain drugs.
the  application  of  genomic medicine is the fact that
causal mutations can evolve during the course of cancer. REFERNCES
As tumors are treated or as they grow, a variability of
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