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A B S T R A C T 

Background: DNA sequencing is one of the most important techniques in the 
field of molecular biology, according to which the order of nucleotides can be 
determined in a piece of DNA. There are several different methods for DNA 
sequencing. Today, with advances in the field Nanotechnology and bioinformatics, 
methods have developed to increase the speed and efficiency of DNA sequencing, 
which has made it possible to carry out large projects such as sequencing the 
human genome cheaper, more accurately and more quickly. Today, DNA 
sequencing is an integral part of modern science. This technique is used in 
various fields of microbiology, including tracking infectious diseases and studying 
the diversity of microbial communities. There are different ways to sequence 
DNA. But each of these techniques has its advantages and disadvantages. To get 
acquainted with these methods, This article is a review that analyzes the 
generations of sequencing from the past to the present that has been collected 
from articles, reputable book sites and articles. 

1. Introduction 

he Next Generation Sequencing 
(NGS) includes a set of advanced 
methods and technologies that aim 
to sequence genetic elements and 

do not last more than a decade. If the traditional 
method of sequencing or Sangar Sequencing is 
considered as the first generation, automatic 
trenching methods are called the second 
generation, and the new generation of DNA 
sequencing is actually the third generation of 
this knowledge, which is now undoubtedly 
advantageous in terms of speed, accuracy, mass 
production data and of course the cost of each 
project It is a unique event in the field of 

molecular biology and related sciences [1-3]. 

As one of the key technologies, DNA 
sequencing technologies have played an 
important role in advancing molecular 
biological research. Nowadays, DNA sequencing 
with constant modifications and modifications 
to older versions has become a new method 
that has not only revolutionized genome 
sequencing but also been able to answer some 
biological questions this way, specialized 
infrastructures such as robotics, bioinformatics, 
computer databases and instrumentation are 
used. There are several different ways to 

sequence DNA. In fact, NGS technology consists 
of a number of methods including initial 
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preparation and fragmentation of the studied 
genome sample, imaging sequencing and 
visualization, assembly of sequenced fragments, 
and data analysis. Applications of this new 
method include significant improvements in the 
diagnosis of genetic diseases, pre-implantation 
genetic diagnosis, pharmacogenomics, 
epigenetics, and identification of structural 
variations in the genome [4, 5]. 

DNA sequencing using the conventional 
trench sequencing method has been 
continuously improved, which was very 
common until a few years ago. Since then, 
second-generation (next-generation) 
sequencing technology has dramatically 
increased sequencing efficiency. In the last 
decade, DNA sequencing in medicine, 
agriculture, and other life sciences has a special 
place [6-8]. 

2. The first generation of sequencing 

2.1. Sanger method or chain termination 

In 1953, Watson and Crick discovered the 
three-dimensional structure of DNA with the 
help of crystallographic information from DNA 
structure obtained by Maurice Wilkins and 
Rosalyn Franklin. Given the long length of the 
DNA molecule and the presence of similar 
structural units, sequencing seemed difficult 
and required the development of new 
techniques. The first attempts at sequencing 
focused on RNAs such as microbial rRNA and 
tRNA, as well as bacteriophage single-stranded 
RNA. The reason RNAs were used was because 
they were single-stranded and shorter, and 
generally did not have the complexities of 
eukaryotic DNA. RNase enzymes were also able 
to cleave RNA strands at known locations. 
However, progress in sequencing DNA 
nucleotides was slow, as these techniques aided 
chemical analysis, and were therefore unable to 
sequence nucleotides and determine only 
nucleotide composition. however, by combining 
these techniques with selective ribonuclease 
treatments to produce RNA fragments, Finally, 
in 1965, Robert Holly and colleagues identified 
the first nucleic acid sequence for alanine tRNA 
in the yeast Saccharomyces cerevisiae. [9-11]. 

At the same time, a man named Fred Sangar 
and his colleagues established a technique 
based on identifying radiolabelled and digested 
fragments after two-dimensional separation. 
The use of this method by Walter Fears led to 
the production of the first sequence of a gene 
encoding in 1972. Researchers have since 
worked to improve the method until, in 1977, a 
major breakthrough changed DNA sequencing 
technology forever, introducing the deoxy 
termination method [12, 13]. 

sequencing method involves the synthesis of 
inverse strands performed on several copies of 
DNA strands using a known primer sequence 
and a mixture of doxy-nucleotides (dNTPs, 
standard building blocks of DNA) and dioxy 
nucleotides (ddNTPs, nucleotides) (Figure. 
1)[14]. 

The combination of dNTP / ddNTP causes a 
random, irreversible termination of the chain 
expansion reaction that results from different 
versions of molecules that have expanded to 
different lengths. The resulting molecules are 
sorted according to their molecular weight, and 
the label attached to the terminating ddNTPs is 
read in the order created by sorting by capillary 
electrophoresis[15]. The current reading length 
is up to 1000 bp (bp) per base error rate of 
0.001%[16, 17]. 

Until recently, most genome sequencing 
projects relied almost exclusively on trench 
biochemistry. Genomic repositories were based 
on the sequence of a shotgun in which many 
randomly fragmented DNA copies were cloned 
into a High Copy Number. some plasmids have 
large numbers of copies inside the bacterial cell 
called high copy number plasmids, plasmid 
generated after Escherichia coli in reactions 
consisting of Continuous patterns of pattern 
denaturation, priming annealing, and expansion 
of sequenced primers reassembled to merge 
larger sequences, or "contingencies."[17-21]. 

The technique is based on the use of special 
nucleotides (ddNTPs) called dideoxynucleotids, 
which lack the OH group on their carbon 3 and 
if they are in the structure of a nucleic acid, the 
chain will not grow longer, hence the terminal 
nucleotides. Irreversible donors are also said to 
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be labeled with radioactive materials (mainly 
S35), a technique that requires single-stranded 
DNA as a template to extract the genomic DNA 
and fragment it by treating it with limited 
enzymes. We then use carriers (phage meads) 
to transfer these fragments into bacterial hosts 
to increase the number of these fragments as 
the host multiplies, phage meads are able to 
amplify DNA in a single strand, and finally, 
samples containing single DNA sect the strand 
into 4 equal parts and transfer them to four 
different test tubes. the materials needed are 
added for replication into each tube. since the 
nucleotides. The sale involves larger amounts of 
ddNTPs in the process, and the polymerase 
enzyme randomly adds ddNTPs to the chain 
under construction, resulting in components of 
different sizes in each test tube, each with its 
own specific ddNTP. Eventually, these parts 
become single-stranded due to heat. These 
pieces are then run-on polyacrylamide gel and 
appear on the gel via an autoradiograph. To 
obtain the DNA sequence, the irreversible 
terminal nucleotides at the end of these 
fragments are read from bottom to top, then 
their complement is written, which is similar to 
the sequence of the desired fragment [21-23]. 

2.2. Maxam-Gilbert sequencing method 

This technique was invented in 1977 by 
Maxam and Gilbert. The basis of this method is 
based on chemical digestion and there is no 
need to polymerize the desired part. In this 
method, a double-stranded DNA, a radioactive 
phosphate group P32, is first added to the end 
of '5, double stranded DNA. Then, with an 
enzymatic treatment by an enzyme of limited 
effect, one end of this fragment is cut and the 
DNA is heated to become single-stranded. In the 
next step, the filament, the end of which is 
labeled with radioactive phosphate, is 
separated by electrophoresis and displayed on 
the gel by autoradiography and purified. The 
single-strand piece is transferred into 4 
different test tubes. Each of the test tubes is 
then treated with a specific chemical. The 
chemicals break the filament in the 
corresponding base place. In fact, the reaction is 
designed to create pieces of different lengths. 
For example, the addition of salt (sodium 

chloride) to the hydrazine reaction inhibits the 
thymine reaction to the C reaction, purine (A + 
G) is purified by formic acid, guanine, and 
adenine is methylated by dimethyl sulfate, and 
pyrimidine (C + T) is hydrolyzed using 
hydrazine. As a result, a set of different parts is 
produced. These pieces are separated from 
each other in gel electrophoresis and then read 
[25-28]. 

The parts of all four reactions are separated 
and electrophoresed in acrylamide gel to 
separate them in order of size. The sequence of 
the string can be deduced from the presence or 
absence of some parts. In this way, if the band is 
in both C + t and C reactions, it means that C is 
in that base place. If we only have a bar in C + t, 
it means we will have T in that base place. 
Similarly, there are arguments for bases A and 
G. These pieces are separated from each other 
in gel electrophoresis and then read from 
bottom to top of the gel, respectively [25-28]. 

Advantages of this method include: Purity 
and its disadvantages: It requires the use of 
hazardous chemicals, it does not use it for 
analysis of more than 500 bp. Chemical 
treatments include: 60% formic acid breaks 
bonds from purines (A + C), dimethyl sulfate 
breaks bonds, hydrazine breaks bonds from 
pyrimidine bases (C + T), NaCl 1 And half a 
molar breaks the bond of the C base.[23, 29]. 

3. Second Generation Sequencing 

With advances in nanotechnology and 
bioinformatics, alternative methods have been 
developed to increase the speed and efficiency 
of DNA sequencing. The term Next Generation 
sequencing is used to describe a set of 
technologies with higher power than trench 
sequencing, which includes the second 
generation of sequencing devices that sequence 
parts simultaneously and at high speeds. The 
advantage of these methods over the sequence-
based sequencing method is that these 
techniques record DNA sequences without the 
need for gels and during DNA synthesis. On the 
other hand, this system does not require 
cloning and uses the PCR process to detect the 
desired part .This leads to an increase in the 
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speed and efficiency of DNA sequencing.[1, 2, 8, 
19, 29]. These methods include: 

3.1. Pyrosequencing  

Pyrosequencing technique was invented by 
Dr. Mostafa Ronaghi (1996) and his colleagues. 
This method also requires single-stranded DNA 
as a template, which is obtained by denaturing 
PCR products. In this technique, after high-
binding binding to the complement sequence, 
the synthesis of a new strand by polymerase 
enzyme begins. In the polymerization reaction, 
an old phosphate group (ppi) and a hydrogen 
ion are released for each phosphodiester bond. 
The enzyme ATP sulfurylase uses this group of 
pyrophosphates together with adenosine 
phosphosphate (APS) in the reaction mixture to 
produce ATP. The ATP produced also provides 
the energy needed for an enzyme called 
oluciferase. This enzyme oxidizes luciferin that 
leads to the production of oxy luciferin 
produced as a result of this light reaction. This 
optical signal is recorded as a peak by cameras 
sensitive to the emitted signals called CCDs, and 
since the nucleotides that are added at each 
step are identical and identical, the DNA 
sequence can be synthesized during synthesis 
based on the production of this peak. On the 
other hand, in each step, in order to add new 
nucleotides, the previous nucleotides must be 
removed from the environment, which is done 
by an enzyme called apyrase. apyrase is a 
nucleotidase enzyme. shows an overview of this 
process[3, 30-33]. 

The commercial form of the Vesco Tensing 
method was introduced in 2005 by Life Science 
454, also known as the 454 Pyrosequencing 
method. In this technique, the genomic DNA is 
first broken into 300- to 500-bp pieces and then 
attached to metal beads in a single strand. In 
this way, before denaturation, it is connected to 
both sides of these adapter parts. These pieces 
then become single-stranded. The adapter plays 
two important roles. First, it is involved in 
connecting single-stranded parts to small metal 
beads because one of these adapters contains a 
biotin group at its end 5, and since these metal 
beads are coated with strepto-avidin, the 
connection of these single-stranded pieces to 

the beads due to the high affinity of strepto-
avidin to biotin. The process is designed to 
attach a single strand of DNA to each metal 
bead. Finally, each of these beads is placed in a 
drop of water in an oil emulsion, which is called 
a micro-actor space, and the PCR reaction is 
performed to amplify the DNA fragment inside 
this micro-actor[3, 30-32, 34]. 

Micro-reactors have all the factors needed to 
amplify a single strand of DNA and are 
physically separated by a barrier created by the 
emulsion oil component. This type of 
amplification is also called PCR-emulsion. At 
this stage, the adapters play their second role, 
so that the adapters act as a place to connect 
the primers and thus reproduce the desired 
part. Because this technique requires single-
stranded template DNA, PCR products must be 
denatured after the amplification step is 
completed. Thus, after propagation on each 
seed, about 1 million single-stranded DNA 
fragments are generated for sequencing. The 
purpose of amplification is to increase the 
desired part to amplify the signal strength and 
of course better detection by the detector in the 
sequencing stage. In the next step, the emulsion 
is broken down and its contents are transferred 
to picolithic wells on the surface of a plate. 
Conditions are selected so that only one grain 
can be placed inside each well. The enzymes 
sulfurylase, lucifer, and aper, along with other 
agents required for amplification, are then 
added to the reaction mixture, and thus 
piercing and sequencing in each well are 
performed independently in the manner 
described above. This technique is capable of 
sequencing more than 1 million samples 
simultaneously. One of the advantages of this 
method over the sequencing method based on 
chain termination is that these techniques 
record DNA sequences without the need for gel 
and during DNA sequencing, do not require 
cloning and use the PCR process to amplify the 
desired fragment. Among the advantages of this 
method compared to the chain termination 
method: These techniques record DNA 
sequences without the need for gel and during 
DNA sequence synthesis, do not require cloning 
and use the PCR process to amplify the desired 
fragment, using ordinary nucleotides that They 
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are not color-coded, cheap chips and high read 
speeds can be mentioned. The disadvantages of 
this method454 homopolymer error replication 
and short readings up to 200 bp [3, 30-33]. 

3.2. Technique of Illumina (Solexa) Methods 

This platform is one of the most common 
sequencing platforms based on chemical 
synthesis in a wide range of chemicals [35]. 
Solexa, which launched the Genome Analyzer in 
2006, was introduced in early 2007.  Illumina 
sequencer is the most widely used SGS 
technology. The IIx Genome Analyzer can 
generate more than 10 GB per stream path line 
(eight paths in total) from 150 readings. This 
method uses a solid phase bridge PCR and a 
"synthesis sequencing" approach, and reverse-
terminated nucleotides with fluorescent 
labeling allow each cycle of the sequencing 
reaction to occur simultaneously in the 
presence of four nucleotides which are 
distinguished by four fluorescent colors. Each 
nucleotide is recorded through imaging 
techniques and then converted into a game call 
with an accuracy of more than 98.5% [36-38]. 

A sequencing library is made up of common 
DNA, to which two different adapters are added 
to the 5` and 3` terminals of all its molecules by 
ligation. The library is then amplified by using 
longer primer sequences, PCR, which expands 
and diversifies the adapters to create the final 
sequence needed in the next steps. Sequencing 
patterns are immobilized on a flow cell surface. 
Solid phase amplification creates clusters of up 
to 1000 identical copies of each DNA molecule 
[39]. 

Flow cell and library preparation involves 
amplification steps in the laboratory that result 
in high background error rates. While the mass 
sequencing process results in unilateral co-
phase pyrosconing, reversible sequencing 
results in two-phase co-phase, as some fusion 
nucleotides may not terminate properly until 
the nucleus may expand until the nucleus 
expands. GA uses four fluorescent dyes to 
differentiate between the four nucleotides of A, 
C, G, and T, of which, two pairs (A / C and G / T) 
excited by the same laser are similar in their 

emission spectra and show limited separation, 
only using optical filters. Therefore, the most 
observed replacement errors are between A / C 
and G / T [15, 38]. Deleting and adding errors 
are much less [40] 

The average length of sequences read by this 
technology is 150-150 bp. To perform 
sequencing using this technology, the DNA is 
first broken into pieces with a length of less 
than 800 bp. These fragments are blunt-end 
and have an additional nucleotide at the end of 
3. These components are then connected from 
both ends to adapters that have an additional T 
nucleotide at the end. After denaturation, the 
resulting products are hybridized from one end 
with primers attached and supplemented with 
an adapter sequence to a solid surface called 
flow cell and fixed on this surface and released 
from the other ends with other complementary 
sequences in flow cell surface. In this way, a 
bridge-like structure is formed, which is a 
pattern of amplification in the PCR reaction. 
After performing the PCR reaction, about two 
thousand copies of double-stranded DNA 
fragments are produced on a solid surface, 
which is called a cluster [4, 12, 29, 41]. 

In the next step, in order to determine the 
sequence of the parts, the molecules are 
hydrated (single-stranded) and linear. After 
hybridization of the primer for sequencing to 
the complementary sequence of the adapter at 
the end of each strand, the flower cell is ready 
for sequencing in the relevant device. In each 
sequencing cycle, there is a mixture of four 
nucleotides, each beginning with a dimension. 
Thus, in each cycle, only one nucleotide is 
added to the DNA strand being synthesized. The 
process of adding bases in this system is well 
able to determine DNA sequences with high 
accuracy in homopolymer regions and 
repetitive sequences. Depending on the 
purpose of the study and defined by the user for 
the device, usually 150 cycles can be performed. 
In early 2010, Illumina introduced the Hiseq 
system, which uses the aforementioned 
sequencing strategy. But its output is much 
higher than previous versions, the system was 
able to read 200 Gb of sequences at the 
beginning of each run, which increased to 600 
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Gb, and is expected to reach Tb1 per run in the 
near future [4, 12, 29, 41]. 

Although the short length of sequences 
produced by Illumina limits the ability to 
perform precise analyzes, especially on 
organisms with very little genetic information, 
the ability to sequence DNA in two directions is 
indicated by different fluorescent colors 
(fluorescent dye ending in group). After 
identifying the nucleotide added to the DNA 
strand being synthesized, the fluorescent dye 
along with the terminating group is removed 
from the end of the base, and by adding the 
nucleotide mixture to the surface, the well-
known cycle has largely overcome this problem. 
That is why this system is mainly used now and 
in some cases a combination of two 
technologies 454 and Illumina are applied.  the 
genomes of many organisms are being 
sequenced. Genome sequencing using newer 
techniques is much faster and cheaper than 
trench sequencing. In this technique, the 
template DNA is cut by hydrodynamic 
fragmentation forces of several bp lengths less 
than 800 bp, which becomes 5 phosphorylates 
with a smooth end. Solexa is a sequencing 
technology based on the property of finishing 
but with reversible colors [4, 12, 29, 41]. 

In this method, the DNA molecule is first 
attached to primers and amplified, which is 
called a proliferation bridge. Unlike thermal 
sequencing, in this method, DNA propagates at 
the rate of only one nucleotide at a time. Similar 
to 454 sequencing, DNA fragments fixed at the 
surface of the floss are replicated by incubation 
with DNA polymerase and deoxynucleotides in 
a process called bridge sequencing. The primers 
required to amplify DNA fragments are 
attached to the floss process of attaching a 
multiple index adapter at the end of gene 
sample fragments prepares the components for 
cross-linking to the floss. It also allows PCR to 
occur alone to amplify the adapter attached to 
the gene sample fragments. Finally, the 
nucleotide sequence provides a place to attach 
or barcode samples of multiple library 
components and also allows the sample 
components to be mixed together in a 
sequencing well. A camera captures fluorescent 

nucleotides. The dye is then chemically 
removed from the DNA at the end and the next 
cycle begins. One of the advantages of this 
technique is that it is cheaper and faster than 
other new generation methods and high-
precision DNA sequencing in homopolymer 
regions and repetitive sequences and its 
disadvantage is to reduce the accuracy by 
increasing the sequence length [42-44]. 

3.3. SOLiD technique 

ABI SOLID sequencing was introduced in 
2005 in a genomics scheme[45]. SOLiD 
introduced connectivity sequencing technology 
to the market in 2006 and was acquired by 
Applied Biosystems ABI in the same year. Using 
this technology, sequences of length 35-75 are 
read. The DNA sample preparation steps are 
similar to the 454-sequencing system, and are 
attached to both ends of these adapter 
components. These components are then 
single-stranded and attached to the surface of 
the metal beads due to the tendency of biotin to 
bind to strepto-avidin. Each of these beads is 
then randomly distributed on the glass surface 
of the flow cell and sequenced by the enzyme 
ligase instead of polymerase. In the next step, 
each of these beads, which contains a single 
strand of DNA, is immersed in a drop of water 
in the emulsion. The oils are placed and a PCR-
emulsion reaction is performed to amplify the 
DNA fragment inside this micro-reactor. Finally, 
after replication and denaturation, each metal 
bead to which about 1 million pieces of single-
stranded DNA are attached is transferred to a 
glass slide for sequencing. This method uses 
emulsion PCR in the preparation and sequential 
ligation of short-reading generators (up to 50 
bases). The system has a two-base encryption 
mechanism that checks each base twice and 
creates a built-in error detection form [38]. 

There are many types and causes of 
sequence errors; replication steps increase the 
background error rate. Beads carrying a 
mixture of sequences and beads close together 
lead to misreadings and poor-quality bases; 
signal attenuation, a small regular phase effect, 
and incomplete dye removal increase the error 
as the ligand cycles progress. Co-phase is a 
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minor issue. A significant reduction in the 
number of molecules involved in subsequent 
ligation reactions results in a significant 
reduction in signal. Incomplete fission of colors 
causes a different co-phase effect and additional 
noise from the colors of the previous cycle in 
the color recognition process. However, the 
average error rate depends on the availability 
of a reference genome for error correction. If no 
reference genome is available for error 
correction and no synchronization is called, the 
mean error rate will be higher than the Illumina 
GA [27, 43, 46]. The advantages of this 
technique are the accuracy of the sequences, 
the low cost, and the distinction between 
sequenced errors and single-nucleotide 
polymorphisms, and its disadvantages are the 
short reading length. 

4. Third Generation Sequencing 

All NGS strategies follow a similar pattern 
for library preparation, which can be 
summarized in three main steps: (1) Random 
DNA cleavage, either by spraying, use of high-
energy sound waves, or enzyme digestion. (2) 
ligation of universal adapters at both ends of 
cut DNA fragments; and (3) immobilization and 
amplification of components to produce 
clustered amplitudes as a template for 
sequencing reactions [45]. Third-generation 
technologies based on molecular analysis are 
currently being developed. This promises 
several different improvements, lower costs per 
analysis, longer readings, and direct RNA 
sequencing and direct methylation analysis. In 
second-generation techniques, the 
amplification step is performed by PCR before 
sequencing to obtain higher signal strength, but 
in the third generation of sequencing devices, 
this step is not performed and directly a single 
strand of DNA is synthesized. Sequencing is 
done. This can eliminate errors when 
replicating. As a result, these techniques are 
much simpler and cheaper than previous 
methods. The Third Generation Sequencing 
include the following instances: 

4.1. Helicos Biosiences technique 

Sequencing of a single molecule uses a highly 
sensitive fluorescent tracking system. This 

technique is a continuation of the efforts made 
by Bruslawsk. (2003), now able to sequence up 
to 1 gigabyte per day. This platform has been 
used to sequence the M13 bacteriophage 
genome. In short, in this technique, the DNA 
strand is first broken into strands of 100,100 to 
200 pairs. Then, end-3 polyadenylation is 
performed. The last available one is in the form 
of fluorescent adenosine. The strands are cast 
on glass slides to which poly T-adapters are 
pre-attached. Each centimeter of this glass slide 
is fixed with about 100 x 10 strands of DNA that 
can be different from each other. After 
hybridization, imaging is performed with a CCD 
camera, and since the DNA fragments have a 
fluorescent end with adenosine, they are 
recorded as light points. Thus, information from 
the local coordinates of the strings connected 
by the CCD camera of the device is recorded. 
Before starting the sequencing step, a washing 
step is required to wash the unconnected 
filaments. In the sequencing step, the cyclic-
labeled dNTPs (CyN-labeled dNTPs) are 
followed by cyclic polymerase activity, and each 
time the fluorescent spots are washed and 
imaged [33-36, 47]. 

Having the optical coordinates of the 
previous step, which indicates the location of 
the stabilized strands, as well as comparing the 
image and the new optical coordinates, it can be 
seen that the added fluorescent nucleotide 
complemented which strand participated in the 
polymerase reaction. The next step begins with 
another type of fluorescent nucleotide and the 
imaging step is repeated. After adding four 
types of nucleotides, it is said that a quad is 
performed. Sequencing is nucleotide length of 
50-45. The trick of reducing enzymatic kinetics 
can prevent two nucleotides from entering a 
strand in a row. In this method, unlike Solexa, 
all reversible terminal nucleotides are only 
fluorescent in color. The use of a dye allows the 
measurement to be performed at a higher 
resolution. The advantages of this technique are 
that in this method, unlike the solexa method, 
all reversible terminal nucleotides are labeled 
from only one fluorescence dye. The use of a 
dye allows the measurement in higher face 
resolution. Because in this method, unlike the 
Solexa method, the amplification process is not 
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performed to amplify the relevant signal. The 
sequence of the desired string is achieved 
directly without the need to amplify the 
fragment. This technique is able to analyze 
millions of single-string pieces simultaneously. 
However, one of the disadvantages of this 
technique is its high cost [33-36, 47]. 

4.2. Semiconductor Sequencing Technique 
(lon Torrent) 

The newer platform utilizes an adapter-
connected library, followed by synthetic 
sequencing-based chemical principles applied 
to other platforms [48]. 

Later, Ion Torrent launched a device called 
the Machine Ion Personal Genome (Ion PGM), 
another type of sequencing device. Unlike the 
optical method used in other systems, this 
sequencing method uses the detection of 
hydrogen ions that are released during DNA 
polymerization, and the pH of the reaction 
medium changes, so that a change in pH 
indicates whether a new nucleotide has been 
added. Fluorescent materials and cameras have 
increased sequencing speed and reduced costs. 
Later, the company's second sequencing device 
called Ion proton was introduced in 2012, 
which had a significant increase in output. It is 
an inexpensive semiconductor-based sequencer 
with a performance of <$ 500, in which a dense 
array of machined microchip chips performs 
synthetic sequencing. This technology 
translates chemically encoded information (A, 
C, G, T) into digital information (0, 1) using a pH 
gradient in a process called ion semiconductor 
sequencing. CMOS-based platform requires no 
camera, fluorescence or enzymes and provides 
the fastest useful sequencing in clinical 
applications [46, 49-51]. 

In the Ion Torrent method, sequencing uses 
the detection of hydrogen ions that are released 
during DNA synthesis, unlike the optical 
method relying on fluorescent or luminescence 
light used in other systems. If the nucleotide 
entering the environment is complementary to 
the target DNA nucleotides, a hydrogen ion is 
released. As a result, a reaction occurs in the ion 
hypersensitive sensor. This method is used to 
detect nucleotides in which the pntp's 

participation in the reaction is actually due to 
changes in pH due to the release of H + ions 
during DNA synthesis. pH changes are detected 
by ion super-sensitive sensor plates embedded 
under the wells and recorded as voltage 
changes. Eventually, these changes appear as a 
peak in the display. Since in this method, 
similar and specific nucleotides are added to 
the reaction mixture at each stage, it is possible 
to obtain DNA sequences during synthesis 
based on the production of this peak. Wells are 
inserted, and inside each device are bolts or 
nuts to which a piece of nucleotide is attached. 
The process is designed in such a way that a 
single strand of DNA is attached to each metal 
bead. The fragment to be sequenced is attached 
to a primer like the previous method to create a 
3 oh free end to add nucleotides [48-51]. 

New sequencing is a very powerful 
technology that can cut large pieces of DNA. 
This new approach makes sequencing faster 
and easier on a larger scale. In this technology, 
sequencing is done using semiconductor chips 
similar to the chips in a digital camera. The 
difference is that the chips in the camera have a 
sensor layer covered with millions of pixels and 
give light to digital information. While ion chips 
have millions of wells that act as wells, these 
wells take chemical information from DNA 
sequencing and transmit it to digital or biscal 
information, which is the same as base call. This 
method also starts by eating DNA into millions 
of small cut Many copies of these parts are then 
attached to the moths. This process is automatic 
and millions of moths are covered. These moths 
are inserted into the chip so that each of them is 
placed in a well. It is said that at any time a 
nucleotide is added to the wells. If the 
nucleotide is complementary to the 
amplification sequence, it binds to the primer. 
By binding to each nicotide, a hydrogen ion is 
released. Now the sensitive layer under each 
well. This process occurs every few seconds as 
the different nucleotides are repeated [48-50, 
52]. 

The pH changes are detected by sensor 
plates located at the bottom of the micro-wells 
and recorded as a change in voltage. Adds to the 
complementary strand. With this bond a 
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hydrogen ion is released if the tip The next 
luteid that is to be connected to the sequence is 
not complementary, no change in pH is 
recorded, and finally no game is called. This 
process occurs simultaneously in millions of 
wells, and the sequence of wells is recorded 
separately just as in the Pyro method[48-51]. 

As advantages of this technique, instead of 
precision lasers to excite and track detectors 
that are expensive, an acidification system is 
used, it does not require cloning, and uses the 
PCR process to amplify the desired fragment, it 
uses conventional nucleotides that are not 
attached to color, and has cheap chip and high 
read speed. However, it has a homopolymer 
error [48, 49]. 

4.3. Pacific Biosciences Technique (SMRT I) 

Launched in 2010 by Pacific Bioscience 
Canada, the third-generation sequencing 
platform emerged [53]. Single-molecule real-
time (SMRT) technology from Pacific 
Biosciences directly examines a single molecule 
of DNA polymerase because it synchronizes 
single-stranded DNA using zero-waveguide 
(ZMW) technology. The small size of the ZMW 
prevents visible laser light from passing 
through wells made on a 100-nanometer metal 
film onto a silicon slide, having a very thin 
metal film. A DNA polymerase enzyme is 
attached to the bottom of each of these wells. 
These wells are monitored by CCD CCD 
cameras, allowing real-time sequencing at the 
same time as synthesis. In this method, the 
genome is first broken into pieces and before 
being single-stranded, an adapter is attached to 
both sides of these pieces. ZMW concentrates 
the laser-emitted energy precisely in the area 
where the DNA polymerase is located, thus 
Diagnosis is limited to a very small area. When 
the labeled nucleotide binds to the active site of 
DNA polymerase, the velocity of motion is 
reduced and the opportunity to detect the 
fluorescent sign is created. The length of the 
read sequence is increased. In this technique, 
series pin adapters are used, after denaturation, 
become circular  [54, 55]. 

Before transferring these components to the 
desired wells, a primer is attached to each of 

the adapters for propagation. Finally, after 
binding the polymerase enzyme to the primer 
sequence, a mixture of nucleotides, each labeled 
with a specific color, is added to each of these 
wells to sequence the polymerization. During 
polymerization, by binding to each nucleotide, a 
specific color group is released and emits a 
specific color that is recorded by CCD 
cameras[56]. 

The volume of each ZMW is about 20 
zeptoliters. An SMRT Cell currently contains (Z) 
80 ZMW (second generation device must have> 
1 million). Only 30 nm of the end of the ZMW 
lights up. In each ZMW, a single DNA 
polymerase molecule is attached to the lower 
glass surface using a biotin/ streptavidin 
reaction. The labeled nucleotides travel to the 
ZMW and surround the DNA polymerase. They 
emit fluorescents only when they are emitted 
from below 30 nm ZMW. The fluorescent label 
emits colored light while carried by the 
polymerase. The polymerase can spin through 
the DNA element and provide multiple coatings 
of the same molecule in a well. This device 
produces film files that are converted to pulse/ 
tracking files up to 20 GB every 30 minutes. The 
current system produces two thousand bases 
before the polymerase is denatured. Strobe 
sequencing allows 4 × 250 bp to increase by 6 
kb. The longest extra size currently in use is 20 
kb, but the development goal is up to 50 kb[57, 
58]. 

The SMRT sequencing platform requires a 
minimum amount of reagent and sample 
preparation, and there is no scanning, rinsing, 
or PCR amplification step. The average reading 
length is > 1000 bp and the maximum reading 
length is over 10000 bp. It is possible to detect 
methyl changes in DNA by looking at the pulses 
at the software level. Direct RNA sequencing is 
possible without the need for cDNA[53, 55, 59, 
60]. Raw reading error rate can exceed 5% and 
the error rate can be eliminated by removing 
and adding. Pacific Science has developed a 
sample SMRT bell that allows both forward and 
backward string readings to be read in the 
same cycle, which in turn brings greater 
consensus accuracy [53, 55]. 
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Each nucleotide is labeled with four 
fluorescence colors (red, blue, orange, and 
green) but instead of being attached to the 
organic base, the fluoroform binds to the γ-
phosphate group of nucleotides. This reduces 
the spatial barrier. Fluorescence dye and thus 
increases the polymerization efficiency. In this 
technique, unlike other sequencing methods, 
there is no need to perform a wash step after 
each step in which the nucleotides are added to 
the reaction mixture. This reduces the time it 
takes to complete this process. This method is 
able to sequence more than 3000 samples 
simultaneously. However, one of the major 
limitations of this technique is that due to the 
long reading length, the error rate also 
increases. But the possibility of sequencing 
larger pieces is also a great advantage that can 
be very useful, especially in metagenomics 
studies [61, 62]. 

5. Fourth Generation Sequencing Oxford 
Nanopore Technologies 

The Nanopore Oxford Institute was founded 
in 2005 by Higan Bailey and Sangra and was 
commercialized in 2011. The final generation, 
known as the third and fourth generation, is 
Oxford Nanopore Technologies [63]. Oxford 
Nanopore Sequencing, as a fourth-generation 
sequencing technique, rapidly and directly 
sequences DNA molecules by detecting changes 
in ionic current as DNA nucleotides pass 
through the nanopore channel. In addition, the 
above technique can identify proteins, miRNA 
molecules and detect their concentration in the 
study solution. Oxford Nanopour's innovative 
MinION device allows the sequence of a 
complete human genome for less than $ 1,000. 
Due to the lack of Persian resources in this field 
and the need to know new techniques, the 
authors decided to translate and introduce the 
above technique for use by other researchers. 
In addition, the above technique can identify 
proteins, miRNA molecules and detect their 
concentration in the study solution. Oxford 
Nanopour's innovative MinION device allows 
the complete human genome to be sequenced 
for less than $ 100. Speed, high accuracy in 
identifying single nucleotides and the ability to 
read long DNA sequences have introduced 

nanopores as a promising technology in DNA 
sequencing[64-66]. 

Creating an electrical voltage across the 
membrane, the ionic current will pass only 
through the nanopores. When nucleotides or 
other molecules, such as proteins, pass through 
the channel or are located near its opening, a 
marked change in the amount of current 
produced is observed. For various reasons, DNA 
has the ability to pass through nanopores. For 
example, electrophoresis can direct DNA to the 
nanopore and cause it to pass through, or 
enzymes attached to the nanopore can direct 
DNA to the channel. As a result, each nucleotide 
blocks the nanopores at a specific and distinct 
scale. At any given time, the amount of current 
passing through the nanopore will vary, 
depending on whether the channel is blocked 
by an adenine, cytosine, guanine, and thymine. 
It should be noted that nanopores are also 
capable of detecting enantiomers and 
methylated bases [64-67]. The advantage of this 
technique is that the average read sequence 
length is more than 5 kb. And sample 
preparation time is also significantly reduced. 

6. Conclusion 

With the introduction of high-throughput 
sequencing platforms, NGS applications have 
become widely applied. No doubt, the 
application of NGS, be it through whole genome 

sequencing or more elaborate metagenomics 
approaches, offers a plethora of opportunities 
in the microbial risk assessment. The most 
important difference between the two 
approaches lies in the difference in the target 
used, for WGS, the nucleic acids obtained from a 
pure culture isolate, and in metagenomics, total 
nucleic acids retrieved directly from the 
microbiota present in the environment under 
investigation. This can be extrapolated at the 
RNA level with whole transcriptome 
sequencing and meta transcriptomics, 
respectively. 

Among the applications of NGS, reassembly 
and assembly, RNA sequencing, and protein-
ChIP-seq interaction of DNA can be named. 
Sequencing techniques, from the time of the 
first generation, the trench until today, which is 
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the fourth generation, has been able to have a 
great revolution in this field, and researchers 
have been able to find the most appropriate 
sequencing design, despite the conditions and 
design. In terms of efficiency, cost and length of 
reading, each technique in each generation has 
advantages and disadvantages; accordingly, the 
selected technique is considered and used. 
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