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Abstract

Sequencing technology has shown significant imprem since its
first installment in 1977 by Frederick Sanger antleagues. The Human
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M etagenomics Vs Viral Metagenomics time to remove bacteria from extracts. Six yeater|a
Metagenomics as the name implies is differentMartinus Beijerinck made the same observation
from genomics in that it takes into account all theindependently in Holland but more importantly made
genomes of all the microorganisms present in theyst the conceptual leap that the pathogen responsible f
environment whether it be a water body like seatobacco mosaic virus must be a distinctive agehe T
human body or the intestine of an animal — studyfireg Same year (1898), the German scientists Friedrich
microorganisms at a community level. 16 S rRNA geneloeffler and Paul Frosch, both former students and
of the metagenome is sequenced to ascertain th@ssistant of Koch, observed that the causativetagfen
microbial diversity since this gene is highly consel ~ foot and mouth disease, a wide spread devastating
across species. Since viruses do not have conservéifection of cattle and other livestock, was also
genes, the viral metagenome is sequenced as a whdifferable. Beijerinck termed these age@bntagium
lot. Metagenomics is an alternative culture-indejgert  Vivium fluidumto emphasize its infectious nature and
and sequence independent approach that does got rdfistinctive reproductive (replicating only insideos
on the presence of any particular gene in all thecell) and physical properties. The term eventually
subjects being studied (Riesenfelet al, 2004). evolved simply to viruses, appropriating the terinus
Metagenomic detection of the viral pathogens isfrom the Latin for “poison”. Culture techniques leav
becoming now a powerful diagnostic tool in veterjna been the gold standard for the detection of virdees

diagnostic virology with the advent of next genmat ~ OVer a century. The consensus is that we havearel
sequencing technologies. begun to chart the viral world, which is the ‘dark

The first report of a pathogenic agent sma”ermatter' of biOIOgical universe and rich source afufe

than any known bacterium appeared in 1892 with théliscoveries (Ngt al, 2011).

observation by Russian scientist Dimitrii Ivanowsky Clinical virology field shows a gradual
that causative agent of tobacco mosaic diseasenoias substitution of the traditional virus diSCOVGI'y meds
retained by the unglazed porcelain filters usethat ~ With novel molecular biology technology. Sequence
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dependent and sequence independent methods asgm, Mycoplasma normally has size in the range of
being used for the detection of viruses. Sequenc®.lum and viruses range in size from Qué2to 0.3um.
dependent methods, including PCR using consensud.45um and 0.2gm are normally used by researchers
primers and hybridization methods such as micrgarra working in the area of viral metagenomics. Qu22
require the knowledge of the nucleic acids for thefilter are commonly used to remove bacteria in the
detection of novel viruses. Sequence independeat vi search for viruses. However, in the recent yeatsses
metagenomic approach does not rely on priorhave been discovered which are as large as bacteria
knowledge of viruses in the study sample. Sequence These large viruses are often called giruses (MtenE
independent single-primer amplification (SISPA) et al, 2010).
method has been used successfully for the discafery Ultracentrifugation can be used to concentrate
viruses (Reyeset al, 1991). Another sequence- the viruses. Most of the small laboratories mightt lne
independent technique, the viral metagenomicshaving this facility. Smaller laboratories mightillst
provides superior capability to detect known andconsider a smaller bench top one, if they are dgali
unknown viruses than the traditional and molecularwith larger volume of samples. Nuclease treatmsnt i
sequence-dependent and sequence-independeah enrichment method for viral nucleic acid whi@mnc
methods. be applied directly to the filtered material or wbbe
Compared to other viral discovery methods,used as a complement to ultracentrifugation. The
viral metagenomics is less biased. Potentially, anycapsid protects the viral genome while degradirig al
viruses in the samples, culturable or unculturablethe external nucleic acids (Allandet al, 2001). A
known or novel can be readily detected with thelvir cocktail of enzymes are used including DNase, RNase
metagnomic approach (Mokilet al, 2012). Viral Benzonase and Turbo DNase etc. The application of
metagenomic methods have evolved significantlyesinc these technique in a clinical setting will requinat any
they were first developed. In earlier viral metagmic  virus enrichment methods are simple to performt, fas
study, preliminary sample preparation involved robust, effective, standardized and do not require
shearing of DNA and cloning. The process of samplesignificant capital expenditure (Hadt al, 2014). The
preparation has since been streamlined and thmaterial extracted after nuclease treatment anmalby
sequencing speed increase with the advent of higmuch smaller that amplification is normally requlire
throughput sequencing technologies. The replacemertefore sequencing. Two most common amplification
of cloning with high throughput methods has strategies are phi 29 polymerase based multiple
revolutionized metagenomics (Mokiket al, 2012). displacement amplification and random PCR using
There is no specific treatment for viral diseasesice  modified version of sequence independent single-
prevention is better than cure and of special inrggme  primer amplification (SISPA). The amplification pte
here, the details of which would be mentioned ia th can introduce bias in the final result which islitife

coming sections. concern in pathogen detection but would influeriez t
result of other application. Random hexamers, atapt
Sample Preparation and barcodes are added and PCR amplified. The PCR

Because viral genomes are relatively short’product is the Iibrary construct which could bedifsr

bacterial and eukaryotic nucleic acids can severelypeduencing directly (amplicon sequencing). In thgec
interfere with the isolation and detection of viliNA ~ Of viruses next generation sequencing is doneffer t
or RNA. Thus, removal of non-viral nucleic acid is entire nucleotides.

necessary (Thurbeet al, 2009). Depending on the

nature of sample i.e., tissue, blood, body fluidyento ~ Library Preparation for Viral
homogenize, fractionize, or dilute a representative) etagenomics
amount of original sample. This can be performed Early metagenomic study involved the

using the protocol used for other applicationshibuld  generation of shot gun libraries and direct sequenc

be kept in mind that the choice of protocol affeifts  of the total DNA content using the Sanger dideoxy
output depending on the host cell disruption andchain termination method. The Sanger technology has
preservation of intact pathogen. After this, mostpeen the standard method for sequencing sincest wa
common method is filtration, centrifugation and first described. With the advent of next generation
nuclease treatment (Thurbet al, 2009). Knowledge sequencing, metagenomics have taken a greater.cause
of the size of the microbes is essential for juddine | jbrary construction usually starts with doubleasiled

kind of filters to be used for viral enrichment e pNA which is fragmented, end repaired, addition of
sample. Bacteria normally range in size fromuhSo  non-template dA tails, adapter and barcodes adtied (
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Table 1. Comparison of NGS platforms

Read length_| Gb/run time

454 GS FLX+ Pyrosequencing | 700b 0.7/23 hours eLong read lengths » High reagent costs
(Roche)  High error rate in
homopolymers
e Appreciable hands on time
HiSeq X ten Reversible 1Kb » 1000 dollar genome * Only useful for large scale
(Ilumina) terminator sequencing use
HiSeq 2000/2500 Reversible 2x100b 600 /11 days oCost effectiveness ¢ Long run time
(Mlumina) terminator (regular mode) or sMassive throughput eShort read lengths
120/ 2 days (1apid | eMinimal hands-on
run mode) time
5500x1 SOLiD Ligation 2x60b 150/ 8 days o Low error rate o Very short read lengths
(Life Technologies) eMassive throughput eLong 1un times
PacBio RS Real-time 3000 b 3 per day eSimple sample & High error rate
(Pacific Bioscience) sequencing preparation sExpensive system
o[ ow reagent costs eDifficult installation
svery long read length
454 GS junior Pyrosequencing | 500 b 0.035/8 hours o Long read lengths * Appreciable hands on time
(Roche) oHigh reagent costs
* High error rate in
homopolymers
Ton Torrent Proton 100 b 0.01-0.1(314chip) | e Short run times  Appreciable hands-on time
(Life Technologles) detection 0.1-0.5 (3 16 Chlp) . ‘Appl'opl'jme .ngh erTor rate in
up to 1 (318 chip) throughput for homopolymers
per 3 hours microbial application
MiSeq Reversible 2x150b 1.5/27 hours #Cost-effectiveness * Read lengths too short for
(Mumina) terminator eShort run times efficient assembly
* Appropriate
throughput for
microbial application
* Minimal hands-
on time

multiplexing the sample), size selected and PCRocal database or in public databases such as @Gknba
performed to generate final library for sequencing.(Mokili et al, 2012). Unfortunately, homology
Different sequencing strategies are now availablesearches against known sequences in Genbank cannot
through various companies. characterize unknown viruses (Mokidit al, 2012).
Bioinformatics analyses should be performed on high
quality data. For this reads are typically procdsse
h_through a software pipeline to remove any backgdoun
Sequence including host and bacterial DNA that had
not been removed by viral enrichment methods like
filtration, centrifugation and nuclease treatmenie
resulting sequence reads are assembled with strict
parameters to generate contigs, each made of segjuen
generated from the same organism quasi-speciesg Usi

al., 2002; Brussovet al, 2009). In most metagenomic a stringent assembly parameter is critical to avoid
studies, sequences generated by high throughpat-duence ch|mer|zat|onh(Mok|Iet aI.,d2012r3. 'Iéheb K
sequencing are queried by homology search tools tGONtigs sequences are then compared to the Genban

previously documented sequences stored either in a

Bioinformatic Analysis

Analysis of the copious data generated by hig
throughput sequencing is the most challenging dspe
of metagenomics (Mokiliet al, 2012). An inherent
difficulty in assigning taxonomic designations tiwal
sequences is that there is no universally homolsgou
nucleic acid component present in all viruses tzat
be used to build phylogenetic tree of life (Rohveer
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non-redundant nucleotide database using BLASTet al.,2005). A comprehensive list of reservoir status of
(Bensoret al,, 2011). bats up to the year 2006 has been provided by talis
Most intriguing aspect of viral metagenomes is et al (2006).
that majority of the sequence has no significant A preliminary study of viral metagenomics of
similarity to anything known. A typical viral French bats in contact with humans identified new
metagenome can contain 60% and 99% unknowmammalian virus (Dacheuet al, 2014). They detected
sequence. Factors contributing to this variatiasilide = several new mammalian viruses including rotavirs,
sample type, length of sequence reads, the homologyammaretroviruses, bornaviruses and bunyaviruses
search method (BLASTnh, tBLASTX, etc.), the with the identification of the first nairoviruseBats are
similarity threshold (E-value cutoff), the databas®l the major reservoir for Hepaciviruses and Pegigsus
version of the database used for the homology bearc(Quan et al, 2013). Influenza virus, of the new
(Vieites et al, 2009). Depending on how they are H18N11 subtype was discovered in a flat faced frait
viewed, the unknown can represent either a forndédab (Tong et al, 2013). Virome profiling of bats from
challenge or a treasure trove for virus discovery.Myanmar by metagenomic analysis of tissue sample
Although researcher often tend to consider therevealed more novel mammalian virus (Hé¢ al,
unknown as ‘Junks’, these sequence could be vauabR013). Novel bat viruses of the genera mamastrsyiru
blueprint for the discovery of novel viruses. Thesea  Bocavirus, Circovirus, Iflavirus and Orthohepdasiru
dearth of suitable bioinformatics methods towere discovered. In the metagenomic study of the

characterize the unknown sequence. viruses of African straw-coloured fruit bat by Balat
al. (2013), they detected a chiropteran poxvirus and
Veterinary Related Viral M etagenomics isolated a novel adenovirus. Jamaican fruit bat

Viral metagenomics started with Mya Breitbart (Artibeus jamaicens)sis thought to be a potential
studying the virus community in ocean and latethim  reservoir host of Tacaribe virus, an arena viresely
human feces. From there on the journey had beguri€lated to the South American hemorrhagic fever
testing several environment and lately has gaifwed t Viruses. Shawet al (2012) performed transcriptome
interest of veterinary scientists and the OIE regio Sequencing and annotation from lung, kidney and
and reference laboratories worldwide, the focainpoi SPleen tissues using 454 and Illumina platforms to

being Sweden. develop this species as an animal model. Metagenomi
analysis of viruses from bat fecal sample revealed
Study on the Wild Animals many novel viruses in insectivorous bats in Chi@a (

Most of the emerging infectious diseases (EIDs)Et al, 2012_). This stud_y provided the first _prel_iminary
originate  especially from  wildlife  reservoirs understanding of the viruses of bat population fn&.

(Woolhouseet al., 2005). EID events are dominated by N @ viral metagenomic study of old world frugivas
zoonoses (60.3 % of EIDs): the majority of theseg7 ~ bats Pteropus gigantegsfrom Bangladesh by Epstein

%) originate in wildlife (Jonest al, 2008). Changes in €t @l (2010), resulted in the identification of GBV-B,
human living patterns, along with environmental andnovel GB-like Flavivirus.
climate changes, pose unprecedented challengée to t Apart from bats, Pharet al (2013) study

global health of people, animals and ecosystemsdwo provided an initial assessment of the enteric v_bdm _
et al, 2012). With the destruction of habitat and the dropping of pigeon, a feral urban species with

movement of wild animals into human contact areaff€quent human contact. Metagenomic analysis of the
resulted in wider occurrence of EIDs. Some of tlosim  Ferret fecal viral flora by Smitst al (2013) discovered

threatening emerging pathogens are RNA viruses duBOvel viruses from the families Picornaviridae,
to their unparallel ability to adapt to new hostdan Papillomaviridae and Anelloviridae as well as known

environment (Grenfelt al, 2004). viruses_ from the families_ Astroviridae, Coro_navéardﬂ _
Bats are an important reservoirs and vectors fOIParVOV|(|dae and Hepevmdae. Metagemomic analysis
spread of EIDs. Bats are associated with zoonoges &' the viral flora of Pinemarten and European Badge
potentially great global public health impact ane the ~ f€ces conducted by Van de bragtcal (2012), revealed
source of Lyssa virus (Warrel et al., 2004), Hendra® New Anellovirus and Bocavirus species in Pineemart

virus (Murrayet al, 1995), Nipah virus (Lubt al and a new Circovirus-like virus and Gemini virus-
2009), Severe Acute Respiratory Syndrome (SARS)_reIated DNA virus in European badger.' The fecamlyir
like Corona viruses (Ksiazeit al, 2003; Wangt al, flora of wild rodents was ascertained by viral

2006) and Ebola and Marburg viruses (Toweeml, ~ Metagenomic study by Phaet al (2011). Rodents
2009; Towneret al, 2007; Leroyet al, (2009): Leroy have been a constant source of zoonotic infections.
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Study on Domestic Animals and Drug Administration (FDA) giving its first
Viral metagenomic studies have also beenapproval for next generation sequencing based
conducted on domestic animals which come in contactiagnostic test. DNA sequence represents a single
with wild animals and also on domestic animals hgvi format onto which a broad range of biological
diseases of unknown etiologies. Bedikal (2013) has phenomena can be projected for high throughput data
published a paper on the new viruses in veterinangollection (Shenduret al, 2008).
medicine, detected by metagenomic approach. Here th The encrypted codes of DNA started to yield
suspected viral etiological agents investigated ewer with Frederick Sanger's chain termination sequemcin
pigs with post weaning multisystemic wasting method. Based on the dideoxy chain termination
syndrome (PMWS), shaking mink syndrome; approach of Sangeat al (1977), applied bio-systems
Honeybees with unspecified symptoms; Nursery andnarketed the first fully automated sequencing maehi
weaned pigs with diarrhea; Broilers with severeABI PRISM 3700 in 1987 and later upgraded (ABI
interstitial nephritis (Table 2). 3730). Since the inception of the first version of
Viral metagenomics demonstrated that domesticSanger’'s method of sequencing several improvements
pigs were a potential reservoir for Nudumu virus have been made and one of these is the introducfion
(Masembeet al, 2012). Pigs can act as reservoir forautomated multi capillary-based instrument using
emerging infectious disease. In the study, during dlurophore labeling with multi spectral imaging<at
routine general surveillance for African swine feve referred to as ‘first generation sequencing’ platfo
domestic pigs in Uganda were screened for DNA andrhe first generation sequencing encountered bettlen
RNA viruses using NGS. Metagenomic analysis ofin throughput, scalability, speed and resolutioricivh
turkey gut RNA virus community has been conductedspurred the discovery of newer sequencing
by Dayet al (2010). They conducted this with regard technologies. Human genome project have also played
to enteric disease syndrome of suspected virainorig @ decisive role in the improvement of sequencing
technology. The newer technological advances in the

Table 2: Viral Metagenomics of domestic animals cycle-array sequencing gave rise to what is known a
'second generation sequencing' or next generation
Syndromes/conditions Identified viral genome sequencing. The technology involve repetitive cycle
sequence were the DNA sequence is immobilized on a solid
Pigs with postweaning Porcine circo virus type support; is determined one base position at a tisieg
multisystemic  wasting 2, Torque Teno virus, enzymatic manipulation and image based data
syndrome _ Porcine boca-like virus collection. As of today there are a number of NGS
Shaking mink syndron ___ Astrovirus : platforms based on different chemistry and protaxol
Honeybees with Aphid lethal paralysis template preparation that determine the type and
unspecified symptoms virus, Israeli acute -
paralysis  virus, Lake character of the data prpduced. The .eff|C|ency and
Sinai virus throughput of the sequencing technique is |m.pr<.)\ahg
Nursery and Weaned pigs Porcine astrovirus, a very fast rate and the cost of sequencing iscradu
with diarrhea kobuvirus, calicivirus, even greater than that of Moore's law. Pacific
Rotavirus A bioscience has commercialized a new generation of
Broilers  with  severe Newcastle disease virus sequencing technology - the single molecule
interstitial nephritis sequencing in real time and is called 'Third getama
(Data has been borrowed from Belak et al. (2013).  sequencing' technology. Third generation sequencers
have read length many times higher than that ot nex
Next Generation Sequencing Platforms generation sequencer but comes with the cost dfenig

Knowledge of the encrypted information in bio- error rate. The '8 generation sequencers have failed to
molecules is indispensable for basic biologicatagsh  be in the limelight; market being the deciders loé t
as well as applied research including in the arka obest platform.
molecular diagnostics. DNA sequencing method is The merits of next generation sequencing over
used to identify the infectious agent, study theSanger biochemistry of sequencing are several
evolutionary pattern of infectious agent and alsoincluding high degree of parallelism, lowering the
comparative DNA sequence study of the healthy andeagent volume used to picoliter or femtoliter. The
sick cell genome, exome and transcriptome. DNAadvantage of next generation sequencing is ofttsetof
sequencing also provides the frame work forby several drawbacks. The most important of these
classifying and selecting the treatment protocal fo include read length (read length being much smaller
infectious disease. The year of 2013 has seen bb8 F than the conventional sequencing) and raw accuracy
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(base-calls generated by the new platform beirgaat The pyro-sequencing technique was developed
ten fold less accurate than base-calls generated Hyy Mostafa Ronagi and Pal Nyren at the Royal lutsit
Sanger sequencing). It is hoped that the next génar  of Technology in Stockholm in 1996 (Ronagdti al.,
sequencing would improve in the days to come. Tgkin 1996). Pyro-sequencing version of next generation
into account the bottlenecks of next generationsequencing was licensed to 454 Life sciences which
sequencing, it could be considered at three pdaisit, f was later acquired by Roche Diagnostics. The method
sample preparation second being next generatiois based on emulsion PCR where DNA templates are
sequencing which has been improving steadily, &aed t amplified in water droplet in oil solution. In wate
third that is data collection and analysis. These i droplets there is single DNA template attached to a
significant improvement in the second, but thetfisd  single primer coated bead, that then form a colony
the third has to be looked forth. clone inside the droplet. The beads are deposited i
Next generation sequencing has shown greapico-liter volume wells and the sequencing machines
potential in the diagnosis of animal disease, dietec contain many of these wells. The wells also contiaén
of novel pathogens as demonstrated in several pesequencing enzymes. Smaller beads bearing
reviewed articles. Next generation sequencing tepor immobilized enzymes (ATP sulfurylase and lucifejase
all the nucleotides present in given sample. Theare also added in each pico-liter volume wells.oPyr
application of next generation sequencing for rauti sequencing detects the released PPi (pyrophosphate)
use in diagnostics and reference laboratoriesddrai  during the DNA synthesis (Shendweal, 2008). At
the diagnosis of animal disease has been considerexhch of several hundred cycles, a single species of
(Belak et al, 2013). The lower limit of detection is unlabeled nucleotide is introduced. On templatesreh
determined by the abundance of pathogen in rel&ion this results in an incorporation event, pyrophosphs
the background material. By deeper sequencing ef threleased. Incorporation events immediately drive th
sample and the continued development in the nexgeneration of a burst of light, which is detected b
generation sequencing technology it would be able tcharge coupled device. Currently there are two
detect low copy number pathogens. Sample preparatioplatform under this-GS FLX system and GS junior
and enrichment protocol have dramatic effect on thesystem. The GS FLX is associated with higher rugnin
next generation sequencing based diagnosis. Theost and commonly used by larger facilities. The GS
lllumina/Solexa and Roche 454 next generationjunior is a smaller bench top version with lowetupe
sequencing platform are the most used platforms foand running cost aimed at research laboratorie4. 45
viral metagenomics. pyro-sequencing is commonly used among NGS but it
The lllumina/Solexa method is based onhas higher error rate in homo-polymer region (i.e.,
sequencing-by-synthesis chemistry using fragmehts athree or more consecutive identical based) caused b
the sample DNA ligated to oligonucleotide adapters.accumulated light intensity variance and per bass ¢
The adapters on a solid support act as primerBDfok is higher than other next generations sequencing
polymerase to incorporate reversible terminatorplatforms.
nucleotides each labeled with a different fluoresce
dye (Mokili et al, 2012). Novel bat viruses of the AB SOLID (Life Technologies)
genera mamastro, boca, circo, ifla and orthohepadna This platform has it origin in the works of
bats from Myanmar (Het al, 2013), three novel group Shendureet al (2005). Sequencing by oligonucleotide
1 coronaviruses from three North American batsligation and detection (SOLID) also uses emulsi@RP
(Donaldsonet al, 2010), are examples of viruses to generate clonal DNA fragments on beads. One
discovered using lllumina/ Solexa sequencing ptaifo  fragment of the library would be present in eaclthef
The 454  FLX  titanium  pyro-sequencing magnetic bead which is clonally amplified. After
commercialized by Roche has been the one most usasteaking the emulsions, beads bearing amplification
for the discovery and characterization of novels&s. products are selectively recovered and then
Roche has been used in the metagenomic analysis #timobilized to a solid planar substrate to geneeate
turkey gut RNA virus community (Dagt al, 2010), dense disordered array. The starting sequenceeof th
identification of GBV-D; a Novel GB-like Flavivirus entire fragments attached to the bead would be a
from old world frugivorous Bats in Bangladesh @i  universal adapter sequence so that the startingeseq
al., 2011) etc. comparison of platforms given in Eabl is both known and identical. Primers hybridize he t

1. adapter sequence and a set of four fluoresceritbtdd
di-basic probes compete for ligation to the seqimenc
454 Pyrosequencing (Roche) primer. Sequencing by synthesis is driven by a DNA

ligase instead of a DNA polymerase. During rounfls o
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ligation extension every base is scored at leastetw electrical signal. lon chips are manufactured ofeve
with fluorescently labeled probes with data tratedla cut into individual die and robotically packed with
into color space (two base encoding). This platfbas  disposable polycarbonate flow cell that isolatesdf
higher accuracy but the read length is short, sb naoto a region above sensory array and away from the
normally used for applications requiringlenovo electronics. It is possible to increase the capadithe

assembly (transcriptomics, epigenomics, platform by constructing chips of higher density of
resequencing). Currently two platforms are avadabl sensors and micro wells since the sequencing ehrigps
5500 and 5500x. produced in the same way as semiconductors. There a
currently three different chips available with ceipa
[Hlumina (I1luminaInc.) from 10 Mb to 1 Gb. lon torrent represent an afédnle

Commonly referred to as ‘the Solexa’, this bench top system designed for small projects, ssch
platform has its origin in the work by Turcatti and sequencing microbial pathogens.
colleagues (Turcattet al, 2008). Uses process known
as bridge PCR to generate clonal colony of librarySingle M olecule Sequencers
DNA fragments on the surface of glass flow celh@be Heliscope is the first single molecule sequencer
molecule array). In the solid phase bridge amgifn ~ to hit the market. Here the templates are immaduiliz
of the single DNA template, one end of the DNA on glass flow cells. Fluorescent nucleotides amedd
molecule attached to a solid support using an adapt one by one and a reversible terminating nucleaitde
the molecule subsequently bends over and hybridizes used to stop the process until the image has been
a complementary adapter (creating a bridge), thyerebcaptured by cameras. This platform has been hamhpere
forming a template for the synthesis of complemgnta by high price and poor instrument sales and foltawi
strand. The amplicons arising from a single teneplat the delisting form the stock market, it has plumedet
remain immobilized and clustered to a single phalsic down and there is a serious doubt on the futurthief
location on an array. The resulting clusters eamtsist  platform. Pacific bioscience introduced a third
of ~1,000 clonal amplicons. Millions of such ‘clast’  generation sequencing platform that is able to secg
are located within each of the eight ‘lanes’ th@t@n a  single DNA molecule in real time without the need f
single flow-cell. Here the sequencing by synthesiss  amplification as well as onerous sample and library
proprietary reversible terminator technology thatpreparation. This is achieved by Zero Mode Wave
enables the detection of single bases as they amuide (ZMW). Dye labelled nucleotides is continugus
incorporated. Fluorescently labeled terminator isincorporated into a growing DNA strand by highly
imaged as each de-oxyribonucleotide is incorporateghrocessive, strand-displacinge29-derived DNA
and then cleaved to allow addition of the nextpolymerase molecule. Each DNA polymerase has a
nucleotide. The most recently introduced platforyn b ZMV detector, which continuously image labeled
lllumina is HiSeq 2500 either new or upgrade foe th nucleotide as they enter the strand. The sequencing
HiSeq 2000 and MiSeq. HiSeq design and capacity iship contains 1000’s of ZMWSs, so can handle large
most suitable for sequencing centers while MiSegnumber of sequences simultaneously. The most
bench top equipped with smaller flow cell is aimed important peculiarity is that read length is thghast
wider range of laboratories and clinical diagnosticamong all the currently available NGS platforms.

market. However, Pacific bioscience third generation
sequencing also has the highest error rate of abtmt
lon Torrent (lifetechnologies) 13 percentage.

The ion torrent platform uses silicon chips
(transistor based sensors) to measure the hydiogen Conclusion
released during DNA polymerase activity. The lagk o Scientists all over the world have seen the
reliance on imaging makes this platform the fimist-  power of next generation sequencing technology with
light” sequencing instrument (Rothbegg al, 2011). peer reviewed articles that are published and titgud
The most widely used technology for construction ofand success from these research articles. More over
integrated circuits, the complementary metal-oxidenew technologies and innovation are coming up @ th
semiconductors (CMOS) process along with theresearch related to sequencing chemistry. As said
electrochemical detection method — ion-sensitietdfi  earlier, the sequencing cost and time is plummeting
effect transistors (ISFET) is used in this platfoffhe  down at a rate even greater than that of Moorefs la
sensor and underlying electronics provide a directThe sequencing commercial providers are on a race f
transduction from the incorporation event to anthe $ 1000 genome.
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So, the only thing to look forward is to apply happening in the field of next generation sequengn
this next generation sequencing technology to thdo be underscored. The work is stopped once a new
disease of veterinary and medical importance inotpd virus is discovered by meta-genomic approach. The
disease surveillance and diagnostics. Next gewerati work has to be continued to the next step likengyio
sequencing technology is used in amplicon sequgncin isolate the viral agent, study their role in the
de novo sequencing, re-sequencing, RNA seq anddevelopment of disease. This would advance sciefice
meta-genomics. Viral meta-genomics is another aredisease and pathogens to its near comprehension.
which has opened the black box of viruses. What is
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