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INTRODUCTION 
Since first introduced to the market in 2005, next-

generation sequencing technologies have had a 

tremendous impact on genomic research. The next-

generation technologies have been used for standard 

sequencing application, such as genome sequencing and 

re-sequencing, and for novel application previously 

unexplored by Sanger sequencing. In this review we first 

describe the three commercially available next 

generation sequencing technologies in comparison to a 

state-of-the-art Sanger sequencer, and follow this with a 

discussion of the novel kind of data produced by next-

generation sequencers and the issue associated with it. 

We then turn our attention to the application of next 

generation sequencing technologies to functional 

genomics research, particularly focusing on 

transcriptomics and epigenomics. We end with a 

discussion of future prospects that next-generation 

technologies hold for functional genomics research. 

 

Advances in DNA sequencing technologies 

The landmark publication of the late 1970s by Sanger‘s 

and Gilbert‘s groups.
[3,4]

 and notably the development of 

the chain termination method by Sanger and 

colleagues.
[5]

 established the groundworks for decades of 

sequence driven research that followed. The chain 

termination method published in 1977.
[5]

 also commonly 

reffered to as Sanger or dideoxy sequencing, has 

remained the most commonly used DNA sequencing 

technique to date and was used to complete human 

genome sequencing initiatives led by the international 

human genome sequencing consortium and celera 

genomics.
[6-8]

 Very recently, the sanger method has been 

partially supplanted by several ‗‘next-generation‘‘ 

sequencing technologies that offer dramatic increases in 

cost-effective sequence throughput, albeit at the expense 

of read lengths. The next generation technologies 

commercially available today include the 454 GS20 

pyrosequencing based instrument (Roche Applied 

Science), the Solexa 1G analyzer (illumina,Inc.), the 

SOLiD instrument from applied biosystems, and the 

Heliscope from helicos,Inc. As of this writing, 

information on the performance of the Heliscope in 

functional genomics applications is lacking, and so we 

have restricted our comments to the 454, SOLiD, and 1G 

sequencing platforms. These new technologies as well as 

the current state-of-the-art Sanger sequencing platform 

are. For a review of the history of DNA sequencing the 

reader is referred to,
[9]

 for a more comprehensive review 

of emerging sequencing technologies see.
[10] 

 

Sanger sequencing:  Since its initial report in 1977, the 

sanger sequencing method has remained conceptually 

unchanged. The method is based on the DNA 

polymerase-dependent synthesis of a complementary 

DNA strand in the presence of natural 2‘-
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ABSTRACT 
Study of Central Dogma in biology at molecular level is much more important which helps us to understand the 

genetic arrangement and aspects of gene expression at different level and scenario, which can be useful in  studying 

the expression level for disease and their cause and precautionary measures.DNA sequencinf has come a long way 

since the days of two-dimensional chromatography in 1970‘s,Genome sequencing is one of the method which helps 

to provide the details of every sequence and Base pair, which means to determine the primary structure (sometimes 

falsely called primary sequence) of an unbranched biopolymer. Sequencing results in a symbolic linear depiction 

known as a sequence which succinctly summarizes much of the atomic-level structure of the sequenced molecule. 

NGS (Next generation sequencing) makes sequence-based gene expression analysis a ―digital‖ alternative to 

analog techniques. It lets you quantify RNA expression with the breadth of a microarray and the resolution of 

qPCR. 
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deoxynucleotides (dNTPs) and 2‘,3‘-dideoxynucleotides 

(ddNTPs) that serve as nonreversible synthesis 

terminators.
[5]

 The DNA synthesis reaction is randomly 

terminated whenever a ddNTP is added to the growing 

oligonucleotide chain, resulting in truncated products of 

varying lengths with a appropriate ddNTP at their 3‘ 

terminus. The product are separated by size using 

polyacrylamide gel electrophoresis and the terminal 

ddNTPs are used to reveal the DNA sequence of the 

template strand. Originally, four different reactions were 

required per template, each reaction containing a 

different ddNTP terminator, ddATP,ddCTP, or ddGTP. 

However, advances in fluorescence detection have 

allowed for combining the four terminators into one 

reaction by having them labeled with fluorescent dyes of 

different colors.
[11,12]

. Subsequent advances have 

replaced the original slab gel electrophoresis with 

capillary gel electrophoresis, thereby enabling much 

higher electric fields to be applied to the separation 

matrix. One effect of this advance was to enhance the 

rate at which fragments could be separated.
[13]

 The 

overall throughput of capillary electrophoresis was 

further increased by the advent of capillary arrays 

whereby many samples could be analyzed in parallel.
[14]

 

In addition, breakthroughs in polymer biochemistry, 

including the development of linear polyacrylamide.
[15]

 

and polydimethylacrylamide.
[16]

 have allowed the reuse 

of capillaries in multiple electrophoretic runs, thus 

further increasing sequencing efficiency. For further 

reading on improvements in Sanger sequencing research 

the reader is referred to.
[10]

 and.
[17]

 These and many other 

advances in sequencing technology contributed to the 

relatively low error rate, long read length, and robust 

characteristics of modern Sanger sequencers. For 

instance, a commonly used automated high throughput 

Sanger sequencing instrument from applied biosystems, 

the ABI 3730xl, has a 96-capillary array format and is 

capable of producing 900 or more PHRED20.
[18]

 bp per 

read for a total of up to 96kb for a 3-h run. However, 

despite the many advances in chemistries and the robust 

performance of instruments like the 3730xl, the 

application of relatively expensive Sanger sequencing to 

large sequencing projects has remained beyond the 

means of the typical grant-funded investigator. This is a 

limitation that has been apparently successfully 

addressed, to varying degrees, by all of the latest 

technology offerings. 

 

454/Roche sequencing technology:  pyro sequencing in 

high-density pico liter reactors. 

 

An inherent limitation of Sanger sequencing is the 

requirement of in vivo amplification of DNA fragments 

that are to be sequenced, which is usually achieved by 

cloning into bacterial hosts. The cloning step is prone to 

host-related biases, is lengthy, and is quite labor 

intensive.
[2]

 The 454 technology.
[19]

 the first next-

generation sequencing technology released to the market, 

circumvents the cloning requirement by taking advantage 

of a highly efficient in vitro DNA amplification method 

known as emulsion PCR.
[20]

 In emulsion PCR, individual 

DNA fragment carry streptavidin beads, obtained 

through shearing the DNA and attaching the fragments to 

the beads using adapters, are captured into separate 

emulsion droplets. The droplets acts as individual 

amplification reactors, producing clonal copies of a 

unique DNA template per bead.
[19]

 Each template-

containing bead is subsequently transferred into a well of 

a picotiter plate and the clonally related templates are 

analyzed using a pyrosequencing reaction. The use of the 

picotiter plate allows hundreds of thousands of 

pyrosequencing reactions to be carried out in paralle, 

massively increasing the sequencing throughput.
[19]

 The 

pyrosequencing approach.
[21,22]

 is a sequencing-by-

synthesis technique that measures the release of 

inorganic pyrophosphate (PPi) by chemiluminescence. 

The template DNA is immobilized, and solutions of 

dNTPs are added one at a time; the release of PPi, 

whenever the complementary nucleotide is incorporated, 

is detectable by light produced by a chemiluminescent 

signal intensity is proportional to the amount of 

pyrophosphate released and hence the number of bases 

incorporated, the pyrosequencing approach is prone to 

errors that result from incorrectly estimating the length 

of homopolymeric sequence stretches(i.e.,indels). The 

current state-of-the-art 454 platform marketed by Roche 

Applied Science is capable of generating 80-120 Mb of 

sequence in 200-to 300-bp reads in a 4-h run. The 454 

technology has been the most widely published next-

generation technology, having so far been featured in 

more than 100 research publications(Roche Applied 

Sciences). 

 

 Illumina: sequencing by synthesis of single-molecule 

arrays with reversible terminators. 

 

The illumina/solexa approach.
[23-25]

 achieves cloning-free 

DNA amplification by attaching single-stranded DNA 

fragments to a solid surface known as a single molecule 

array, or flow cell, and conducting solid-phase bridge 

amplification of single molecule DNA templates 

(illumina,Inc.). In this process, one end of single DNA 

molecule is attached to a solid surface using a adapter; 

the molecules subsequently bend over and hybridize to 

complementary adapters(creating the ―bridge‖), thereby 

forming the template for the synthesis of their 

complementary strands. After the amplification step, a 

flow cell with more than 40 million clusters is produced, 

wherein each cluster is composed of approximately 1000 

clonal copies of a single template molecule. The 

templates are sequenced in a massively parallel fashion 

using a DNA sequencing-by-synthesis approach that 

employs reversible terminators by removable fluorescent 

moieties and special DNA polymerases that can 

incorporate these terminators into growing 

oligonucleotides chain. The terminators are labeled with 

fluors of four different colors to distinguish among the 

different bases at the given sequence position and the 

template sequence of each cluster is deduced by reading 

off the color at each successive nucleotide addition step. 
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Although the illumina approach is more effective at 

sequencing homopolymeric stretches than 

pyrosequencing, it produces shorter sequence reads.
[25]

 

and hence cannot resolve short sequence repeats. In 

addition, due to the use of modified DNA polymerases 

and reversible terminators, substitution errors have been 

noted in illumina sequencing data.
[9]

Typically the 1G 

genome analyzer from illumina,Inc., is capable of 

generating 35-bp reads and producing at least 1GB of 

sequence per run in 2-3 days.   

 

ABI/SOLiD: massively parallel sequencing by ligation            

Massively parallel sequencing by hybridization-ligation, 

implemented in the supported oligonucleotide ligation 

and detection system (SOLiD) from Applied Biosystems, 

has recently become available. The ligation chemistry 

used in SOLiD is based on the polony sequencing 

technique that was published in the same year as the 454 

method.
[26] 

Construction of sequencing libraries for 

analysis on the SOLiD instrument begins with an 

emulsion PCR single-molecule amplification step similar 

to that used in 454 technique. The amplification products 

are transferred onto a glass surface where sequencing 

occurs by sequential rounds of hybridization and ligation 

with 16 dinucleotides combinations labeled by four 

different fluorescent dyes (each dye used to labellel four 

dinucleotides). Using the four dye encoding scheme, 

each position is effectively probed twice, and the identity 

of the nucleotide is determined by analyzing the color 

that results from two successive ligation reactions. 

Significantly the two base encoading scheme enables the 

distinction between a sequencingerror and a sequencing 

polymorphism: an error would be detected in only a 

particular ligation reaction, whereas a polymorphism 

would be detected in both. The newly released SOLiD 

instrument is capable of producing 1-3 GB of sequence 

data in 35bp reads per an 8-day run.      

                                                                                                                                                      

 
Fig.1. Sequence census approach. In the sequence 

census approach used in next-generation sequencing, 

short reads are mapped to the template molecule to 

provide three types of information. Sequence data are 

used to reveal sequence polymorphisms in the 

template, eSNPT(red and yellow), the abundance of 

reads is used as a quantitative measure of the 

abundance of the template, and the particular areas 

of the template covered by reads reveal the internal 

structure of the template, eg the presence of exons 

and introns. 

POTENTIAL USES OF NGS IN CLINICAL 

PRACTICE. 

There are numerous opportunities to use NGS in clinical 

practice to improve patient care, including. 

 

NGS captures a broader spectrum of mutations than  

sanger sequencing. 

 

The spectrum of DNA variation in a human genome 

comprises small base changes (substitutions), insertions 

and deletions of DNA, large genomic deletions of exons 

or whole genes and rearrangements such as inversions 

and translocations. Traditional sanger sequencing is 

restricted to the discovery of substitutions and small 

insertions and deletions. For the remaining mutations 

dedicated assays are frequently performed, such as 

florescence in situ hybridization for conventional 

karyotyping, or comparative genomic hybridization 

microarrays to detect submicroscopic chromosomal copy 

number changes such as microdeletions. However, these 

data can also be derived from ngs sequencing data 

directly, obviating the need for dedicated assays while 

harvesting the full spectrum of genomic variation in a 

single experiment. The only limitations reside in regions 

which sequence poorly or map erroneously due to 

extreme guanine/cytosine content or repeat architecture, 

for example, the repeat expansions underlying fragile x 

syndrome, or Huntington‘s disease.   

 

GENOMES CAN BE INTERROGATED WITHOUT 

BIAS 

Capillary sequencing depends on preknowledge of the 

gene or locus under investigation. However, NGS is 

completely unselective and used to interrogate full 

genomes or exomes to discover entirely novel mutations 

and disease causing genes. In paediatrics, this could be 

exploited to unravel the genetic basis of unexplained 

syndromes. For example a nationwide project, 

deciphering developmental disorders, running at the 

welcome trust sanger institute in collaboration with nhs 

clinical genetics services aims to unravel the genetic 

basis of unexplained developmental delay by sequencing 

affected children and their parents to uncover deleterious 

de novo variants. Allying these molecular data with 

detailed clinical phenotypic information has been 

successful in identifying novel genes mutated in affected 

children with similar clinical features.  

 

The increased sensitivity of NGS allows detection of 

mosaic mutations. 

 

Mosaic mutations are acquired as a postfertilization 

event and consequently they present at variable 

frequency within the cells and tissue of an individual. 

Capillary sequencing may miss these variants as they 

frequently present with the a subtlety which falls below 

the sensitivity of the technology. Ngs sequencing 

provides far more sensitive read-out and can therefore be 

used to identify variants which reside in just a few 

percent of the cell, including mosaic variation. In 
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addition, the sensitivity of ngs sequencing can be 

increased further, simply be increasing sequencing depth. 

This has seen ngs employed for very sensitive 

investigations such as interrogating foetal dna from 

maternal blood2 or tracking the lecels of tumour cells 

from the circulation of cancer patients.3. 

 

The main utility of ngs in microbiology is to replace 

conventional characterization of pathogens by 

morphology, staining properties and metabolic criteria 

with a genomic definition of pathogens. The genomes of 

pathogens define what they are, may harbor information 

about drug sensitivity and inform the relationship of 

different pathogens with each other which can be used to 

trace sources of infection outbreaks. The last recently 

received media attention, when ngs was used to reveal 

and trace an outbreak of methicillin-resistant 

staphylococcus aureus(mrsa) on a neonatal intensive care 

unit in uk.4  what was most remarkable was that routine 

microbiology surveillance did not show that the cases of 

mrsa that occurred over several months were related. Ngs 

of the pathogens, however, allowed precise 

characterization of the marsa isolates and revealed a 

protracted outbreak of mrsa which could be traced to a 

single member of staff.         

 

Oncology                                      

The fundamental premise of cancer genomics is that 

cancer is caused by somatically acquired mutations, and 

consequently it is a disease of the genome. Although 

capillary based cancer sequencing has been ongoing for 

over a decade, these investigations were limited to 

relatively few samples and small number of candidate 

genes. With the advent of ngs, cancer genomes can now 

be systemically studied in their entirety, an endeavour 

ongoing through several large scale cancer genome 

projects around the world, including a dedicated 

paediatric cancer genome project. For the child suffering 

from cancer this may provide many benefits including a 

more precise diagnosis and classification of the disease, 

more accurate prognosis, and potentially the 

identification of ‗drug-able‘ causal mutations. Individual 

cancer sequencing may, therefore, provide the basis of 

personalized caner management. Currently pilot projects 

are underway using ngs of cancer genomes in clinical 

practice, mainly aiming to identify mutations in tumours 

that can be targeted by mutation specific drugs.    

 

Applications of next generation sequencing for the 

analysis of epigenetic modifications of histones and 

dna.                       

Epigenetics is the study of heritable gene regulation that 

does not involve the dna sequence. The two major types 

of epigenetic modifications regulating gene expression 

are dna methylation by covalent modification of 

cytosine-5‘ and posttransilational modification of histone 

tails. Regulatory rna provide another means of epigenetic 

regulation of gene expression; however, the focus of the 

sections is on applications of next generation sequencing 

to the analysis of covalent modifications of dna and 

chromatin. Recent research has implicated such 

epigenetic modifications of prime importance in 

oncogenesis and development, setting the grounds of 

human epigenetic project(hep) initiative, which aims to 

catalogue dna mathylation on a genome wide scale. To 

date, these technologies have been applied in several 

epigenomic areas, including the characterization of dna 

methylation patterns, post translational modification of 

histones, and nucleosome positioning on a genome wide 

scale.               

 

NGS methods: next generation sequencing platforms 

enable a wide variety of methods, allowing researchers to 

ask virtually any question related to the genome, 

transcriptome and epigenome of any organism. 

Sequencing methods differ primarily by how the dna or 

rna samples are obtained(eg, organism, tissue type, 

normal vs affected, experimental conditions) and by the 

data analysis options used. After the sequencing libraries 

are prepared, the actual sequencing stage remains 

fundamentally the same regardless of the method. there 

are a number of standard library preparation kits that 

offer protocols for whole genome sequencing, mrna 

sequencing, targeted sequencing(such as exome 

sequencing or 16s sequencing), custom-selected regions, 

protein binding regions and more. Although the number 

of ngs methods is constantly growing.  

1.  

2. Genomics        

Whole genome sequencing                  

Exome sequencing         

De novo sequencing                      

Targeted sequencing          

3. Transcriptomics         

Total rna and mrna sequencing         

Targeted rna sequencing             

Small gna and non coading rna sequencing           

4. Epigenomics        

Methylation sequencing        

Chip sequencing           

Ribosome profiling  
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