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Abstract— Huge efforts are being made to develogaithms and procedures for DNA sequences. The
purpose of this study is to expand understanding d&fow biologists, computational biologists,
bioinformaticians, medical practitioners and scigsts would benefit from next-generation sequenciagd
microarray technology in analyzing DNA and proteidataset. Microarrays techniques usage in analyzing
biological dataset (gene expression) has grown exgrttially for the past two decades. Recently, next
generation sequencing technologies are revolutiongzg the DNA/RNA sequencing tasks. These highly
efficient parallel sequencing methods make it pddsito generate billions of bases of sequence pey th a
biological laboratory. These methods allow individluhuman genomes to be sequenced in an instant e o
to two days. In this paper, a comparative studynafxt generation sequencing technology and micraayr
technology would be presented and the performantée two techniques would be discussed.

I. INTRODUCTION

Gene expression has been studied since 1961 vétliftovery of RNA. The interest in gene expression
increased in the 1980s (Ermolaeva et al, 1998).1atyer scale studies introduced the developmeataairay
technologies in mid 1990s and were first used iD02® study genetic variation (Rockman & Krugly2K06).
Northern blot technique has been used in the stfdgene expression for a long time. But advances in
molecular biology have led to the development off hechniques that are more sensitive and efficjiRath,
2002). There have also been studies of gene expnesmsd Knock out genes. The study was interestggne
expression changes in knockout mice with the pwpafscoming up with the role of mutated protein and
identifying particular genes under its control ardrieving candidate genes that may explain therexdt
phenotype in the mutant animal (Valor & Grant, 200Also the other methods that have been used are:
subtractive hybridization, differential display ris¢ analysis of gene expression, and microarrdyritdization.

All these methods in general has helped researtbadentify gene expression and characteristicdisfases
and most importantly the DNA sequence informat®nat is not required to construct and use DNA adory.

[I. HISTORY OF SEQUENCING TECHNOLOGIES

New sequencing technologies have been introduceduse DNA sequencing has been tedious and time
consuming in the past. The isolation of DNA, sampmleparation, sequence production and analysigsdhae
done manually. Currently better methods for DNAlason has been introduced making the work more
efficient. Analysis software’s have also made isgible to speed up the analysis step of DNA seqgenc
therefore making it possible to do more volumeeéssl time. The very first methods introduced welmia
intensive since they had to be done manually atiddren terminal-end labeling, DNase digestion, @D
electrophoresis on cellulose acetate and DEAE losktupaper. Efficiency then increased with the tment
of Sanger Method in 1977 and the bacteriophamel1982. Sanger Method is accomplished by theinusiétro
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DNA synthesis using terminators. To perform sequencdouble stranded DNA must be converted to singl
stranded DNA. This is accomplished by denaturingith NAOH. It requires a primer, DNA polymerase, a
template, a mixture of nucleotides, and detectigstesn. Incorporation of dideoxynucleotides into wgirg
strand terminates synthesis and synthesized ssiaed are determined by using gel or capillarytedphoresis.
Automated sequencing then followed in 1995 redutiegcost per base pair tremendously. In 1998 ZW&I0
genetic analyzer was introduced allowing 900,00Qap day reducing the cost to 0.1 per bp. Several
improvements have been made since then makingmas shorter with better quality sequences (Ch@@5p

[1l. WHY NEW EXPRESSION TECHNOL OGIESWERE NEEDED?

DNA microarrays are important tool to use whileastigating differential gene expression for thoasaof
genes simultaneously. Currently, the fluorescerdgsd@€y3 and Cy5 are most commonly for preparation of
labeled cDNA for microarray hybridizations. The rdata are an image files that has to be into ggpeession
format. The process requires manipulation of dai t differences in variations caused by the diffees in
the physical and chemical dye characteristics. dom@aplish this problem the levels of transcripts ealculated
from fluorescence ratios to normalize the fluoreseesignals. Since the goal of most microarrayiegbns is
to identify differences in transcript levels cak@d from fluorescence ratios, it is necessary domalize
fluorescence signals to compensate for systematiations (Bilban et al). Even though microarraghigology
is an important tool for researchers to study tmlgtgene expression, there also has been somationitike
equipment cost and equipment limitation which cartte number of probes of an array by the resoiuifche
scanner used. False positive data can also makédult for researchers to publish their findinlgsaddition to
that, the older technologies to measure mRNA esjwadike Northern Blot are labor intensive and ceanty
detect up to dozens of genes (Burges, 2001). Wifiravement in microarray technology a large amaifnt
data can be generated with current designs proguginto 64,000 different oligonucleotides and withe it
will even get better. This is because researchdtshave a better understanding on how differemegeare
expressed and be able to make improvements bagieiofindings (Macmillan, 2002).

IV. MEASURING EXPRESSION WITH MICROARRAYS

One of the most exciting developments in gene esgive studies in the past two decades has been the
emergence of DNA microarrays. Previous gene egpmpstechnologies were limited to only one or a few
genes at a time. Microarrays, on the other haad,assess several thousand genes at a time uneéetasn
condition. They are also relatively simple andxitdde compared to past technologies. While mosthef
experiments focus mainly on differential gene expi@n between tissue types such as cancer andh tisalie,
the technology has been expanded into other fiefdsiological study. Because of these apparenetitsn
many researchers have claimed that microarray téogyn may be the end-all solution to gene expressio
studies.

A microarray consists of an array of specific geseguences printed to a solid support made of glass
plastic. Single-stranded DNA (ssDNA) is depositec grid-like fashion across the support. Eaabt spth
ssDNA on the support is called a probe. Probesagoithe genes that the researcher is wanting @sure.
The array is washed with the ssDNA target sequentbe target sequence is usually generated from a
biological sample that the researcher is tryingtiody through reverse transcription of mRNA. Thecgss
produces a complimentary DNA strand (cDNA) that ptiments a particular sequence on the array. Hney
labeled with a fluorescent dye, such as Cy3 or @y8 washed over the array. Complimentary sequences
hybridize to one another on the array. The extasget solution is washed off the array and thayais
scanned by a fluorescent scanner. The intendbiegach probe on the array are measured and mtord
(Draghici, 2001).

There are two main types of microarrays used tod®NA microarrays and Affymetrix oligonucleotide
microarrays. A cDNA microarray is probed usingdipped in cDNA solution synthesized through PGR.
Affymetrix array is synthesized directly on the ghising the photolithographic method. Unlike cDNA
microarrays the DNA in the probes are made a basetame. Therefore, the researcher knows thetexac
sequence in each probe. In cDNA microarrays, ésearcher may not know the exact sequences inpeabh.
While both types have their pros and cons both umeful depending on the type of research being done
(Draghici, 2001).

V. APPLICATIONSOF MICROARRAYS

Today, the microarray technology is used widelgéneral areas of biological study. While microgsranly
measure one thing, the expression levels of cegaires, it is very flexible in what it can studylany of the

© 2012, IICSMC All Rights Reserved 16



Charles Edekilnternational Journal of Computer Science and MoBibmputing Vol.1, December- 2012, pg. 15-20

major diseases today have unique gene profilescdrabe viewed using microarrays. One of the estrland
widest, uses of microarrays is the profiling of camous tissue. Profiling diseased tissue allowsarchers to
have a better understanding tumors and what madatain tumors may have. For example, one stydy b
Sorlie et al. found gene expression profiles tlwatid be used as prognostic markers for overallratapse-free
survival in breast cancer tissue (Sorlie et al,1300ldentifying gene profiles for tumors allow eeschers to
better group and classify certain tumors. Thisvaedl development of better drug and treatment proesd
because certain classes of tumors may be moralteawith certain drugs than others. While carstadies
receive the most attention they are also usefuhé study of complex biochemical pathways undetaaer
conditions by allowing researchers to study howegexpression is affected by signaling events.etent years,
research studying microbial or virus infected tesbas been the most successful. Most notably,ltheg been
used to decipher the underlying mechanisms andaictiens between host and microbe. For example, on
study showed how certain bacteria in humans cateffene expression in the intestines. It wasddhat it
can affect certain important functions within thgestine (Shoemaker & Linsley, 2002). Other experits
have focused on the efficacy of antimicrobial dragd how they affect gene expression in the migobe

While most of the attention has been paid to geqpeession profiling they are often used in othaldgical
areas as well. In recent years, they have beeendetl into protein interaction profiling, toxicolgg
evolutionary biology, disease characterization, qilpgy and stress responses, and many others €€ppp
2008). For example, microarrays have been verfulisethe understanding of the signaling pathwiyplants
used for plant defense and how certain environnhextaditions change these pathways (Reymond, 2000).
They have also been useful in parasitology. Famete, microarrays were used to study the gendlgsaifl.
multifillis, a fresh water fish parasite. The study succégstientified differentially expressed genes begwe
the three major lifecycles of the parasite (Abdmgagt al, 2011).

VI.LIMITATIONS OF MICROARRAYS

While microarrays are widely used and have showeshtgpromise over the years, they do have their
limitations. One of the major limitations is thmaunt of noise produced in the experiment. Sonegjnthey
are so noisy that researchers can do two experimeith the same samples and same materials anthobta
different results. There are several reasonshithigh level of noise, including non-specific hgiration and
differences in temperature, labeling, humidity, #mount of the target, the equipment, etc. In, faeery step
and procedure in the experiment introduces sonw t&#wnoise. One major consequence of this vargimgunt
of noise is that two different experiments may heteasily compared. Each experiment may use eliffer
equipment and procedures, and therefore, haveyengaamount of noise. In order to combat this, nwécray
experiments must be normalized to account forrbise difference. However, this is not always asyetask.
There is not a general consensus on how exactipal@ation should be done. Normalization proceduead
to be different from experiment to experiment beeaeach one was administered in a different wagdBici,
2001).

Another limitation is the overall cost of the exipeent. While every experiment is different many
experiments require several arrays to be admieidtenith several different samples. This could ptadly
increase the cost of the experiment substantiallgo, microarray experiments yield a large amafrcomplex
data that can only be normalized and analyzed gfr@omputer programs. Therefore, experiments reqyire
a large amount of technical skill to do.

VII. NEXT GENERATION SEQUENCING

Next generation sequencing (NGS) represents a nexedbof sequencing technologies that offer
unprecedented high-throughput and low cost seqogrmliatforms. The technologies are characterizecrby
ability to process millions of sequences readsaraltel, higher yields and low cost per read. Theelopment
of technology was triggered by a need for a higlegjuencing throughput as highlighted by the whaoledm
genome sequencing project. It was also motivatethbylimitations with existing capillary-based sequing
methods.

NGS was not relatively used until after 2005. Befahe best technology was shotgun sequencingdcalle
Sanger Methodology. The most common NGS platfoatisif two categories:

» Second- generation sequencing technologies su@easme Sequencer from Roch 454 life sciences,
the Solexa Genomer Analyzer from Illumina, SOLID q8encer from Applied Biosystems,
Commercialized Polonator, Heliscope from Helicos] a

» Third - generation sequencing technologies suclirgle Moledule Real Time by Pacific Biosciences
and a new technology by Visigen Biotechnologies Inc
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These platforms share characteristics such asyhjggnlallel operations, higher yield, simpler opienas,
much lower cost per read, and to their disadvantageh shorter reads. They differ in characteristigsh as
read length, number of DNA molecules sequencedamalfel, raw accuracy, sequencing chemistry aneva f
other attributes shown in table below (Miller et2010).

The following table summarizes the differences sintlarities between the common NGS platforms
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appased o qecdbon.

NGS has transformed the way we study biologicabjerms and made a number of sequencing projects and
applications feasible. These include whole-genonegusncing, targeted re-sequencing, discovery of
transcription factor binding sites, noncoding RNApeession profiling, mutation discovery, definingNB-
protein interactions, and enabling metagenomics@a2009). NGS is also being used to confirm exignd
associations between single nucleotide polymorphisbhe technologies are extremely powerful for gl
genetic variation and have proven useful in findjjagps between phenotypes and genotypes in a pioputHt
study (Pettersson et al, 2009). Another significgpylication of NGS is in gene expression analydisre the
technology is poised to challenge microarrays asptimary tool for gene expression studies or imes@ases
as a complementary technology (Matsumura et alpR01

VIII. NGSAND GENE EXPRESSION

NGS technologies provide the ability to study hauldror even thousands of gene loci simultaneouslysa
facilitate performance of applications that requirany gigabases of sequences to be examined sahe time.
NGS technologies produce a digital record of theerical frequency of a sequence in a sample wisicarids
to be a better approximation of actual transcrgsttent in a sample. Gene expression studies witB M@olve
sequencing-based transcriptome analysis which imymaays is superior to microarrays because the
sequencing-based method is digital, highly accueaid easy-to-perform (Willenbrock et al, 2009).

Some platforms like SOLID System offer hypothesisinal analysis differential gene expression on a
genome-wide scale and so are the platform of chimicaliscovery including novel transcript discoveapd
splice variant discovery because they offer schigbisensitivity, high accuracy and a broad dymanange”
(Willenbrock et al, 2009). The use of NGS in gerpression analysis has catalyzed development bhigues
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like Digital Gene Expression TAG (DGE-TAB), DeepSBE@nd RNA-Seq which has demonstrated increased
sensitivity, specificity and accuracy compared forparray platforms (Matsumura et al, 2010).

IX. NGSSTRENGTHSAND LIMITATIONS

The strength of NGS platforms lies in their abilitylay millions of DNA fragments on a single clapd then
simultaneously process the fragments. This inceefs®ughput and permits a larger dynamic rangemiit
data. NGS technologies have greater sensitiviggifipity and accuracy than microarrays.

Unlike microarrays which are considered a ‘closgstesm’ because they can only account for sequehegs
are targeted by probes on the array, NGS techredagipresent an ‘open’ system suitable for catahgggene
diversity (including discovery of novel gene divigry without a priori sequence information”. NG@&rmits
ultra-deep sequencing with massive DNA sequenagsrigam amplified PCR products. This allows insigtio
diversity of data (Ron et al, 2010). Other advaetagf NGS technologies include lower backgroundiebe
sensitivity and ability to provide quantitative nseeements (University Health Network Microarray @€en
20009).

Most NGS technologies suffer from short read-leagdhower sequence quality. With the exception 644
all existing platforms produce read lengths of B®{dp. Shorter read lengths tend to complicate pnégation
of results in some instances. Shorter read lengtbs translate to short tag reads (21 bp) in DGETA
technique which sometimes leaves tag-to-gene atimotenore difficult. For RNA-Seq, it means thereas
requirement for large amount of sequence readalty €over the dynamic range and to provide a truly
guantitative gene expression profiling. So in swelses, a reliable protocol of tag-based gene esipres
profiling based on sequencing of longer tag fragmenhighly desirable (Matsumura et al, 2010).

Another limitation to NGS is that the number of gd@s processed in a single run is determined by the
physical partitioning or sample-specific barcodapgproach utilized (Ron et al, 2010). Each instrumen may
take days to weeks. Also, complex sample preparaiinvolved in NGS systems. Most NGS technologies
highly dependent on PCR based amplification whichkes them prone to bias introduced during the
amplification step (Willenbrock, 2009).

NGS has limited bioinformatics to handle the lasgaounts of data efficiently (University Health Netk
Microarray Centre, 2009). The analysis of the rasyl dataset requires sophisticated computer system
bioinformatics tools and a significant time contrlon (Ron et al, 2010). Although the overall costdNGS
systems has been falling, there are substantighlirdosts associated with the technology such assive
information infrastructure for data storage, datmsfer, data analysis, and training of personbeliersity
Health Network Microarray Centre, 2009).

X. CONCLUSION

Results of this comparative study were cleared thath microarray and next generation sequencing
technologies have their benefits and limitatiom&e major limitation in microarray technology igthigh noise
produced during the experiment, this leads an esgeriment with the same attributes or datasetsyed
different result. The overall cost of microarrayperiment is high comparing to next generation seging
technology.

The next generation sequencing platforms are adwvanguickly with large increase in read-length and
reduction in cost comparing to microarray technglogAnother benefit of next generation sequencing
technology over microarray is the base pair acguirathe evaluation of transcriptional start anopssites. The
major limitation of next generation sequencinghis tapability of short read-length, roughly betw&8rl00bp,
but scientist are working in improving the techrpyipthe read-length is increasing. In summaryntieroarray
and next generation sequence technologies haveltbeefits and limitation, selection of each teqluei will
depend on the researcher and the experiment.
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