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  Understanding the control of gene expression is critical for our understanding of the relationship between gen-
otype and phenotype. The need for reliable assessment of transcript abundance in biological samples has driv-
en scientists to develop novel technologies such as DNA microarray and RNA-Seq to meet this demand. This 
review focuses on comparing the two most useful methods for whole transcriptome gene expression profil-
ing. Microarrays are reliable and more cost effective than RNA-Seq for gene expression profiling in model or-
ganisms. RNA-Seq will eventually be used more routinely than microarray, but right now the techniques can 
be complementary to each other. Microarrays will not become obsolete but might be relegated to only a few 
uses. RNA-Seq clearly has a bright future in bioinformatic data collection.
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Background

Understanding the control of gene expression is critical for 
our understanding of the relationship between genotype and 
phenotype. The need for reliable assessment of transcript 
abundance in biological samples has driven scientists to de-
velop novel technologies such as DNA microarray to meet 
this demand. Microarrays employ nucleic acid probes, typical-
ly 60-mers, covalently bound to glass slides. Fluorescently la-
beled target sequences are then hybridized to the probes and 
scanned. The images are then converted to signal intensities 
and the data is processed using software specific to the appli-
cation of the array. For more quantitatively accurate measure-
ment and to obtain absolute transcript abundance, RNA-Seq 
has become the favored technique [1,2]. RNA-Seq sequences 
labeled cDNA in parallel and multiple times, sometimes sev-
eral million times over. The technique requires fragmenting 
RNA prior to reverse transcription and labeling with adapter 
sequences. The sequenced fragmented transcripts are typically 
50–500 bp. The read sequences are then counted and assem-
bled into full length transcripts. This review will compare two 
of the most useful gene expression profiling methods namely, 
gene expression microarrays and RNA-Seq. Much of the recent 
literature comparing these techniques has been focused on 
the Affymetrix microarray platform with the Illumina RNA-Seq 
method [3–6]. The utility and reproducibility of these methods 
for gene expression profiling are both well documented [3,7].

Discussion

The difference between the capabilities of each method be-
comes apparent once the target sequences go beyond known 
genomic sequences. Hybridization-based techniques like mi-
croarray rely on and are limited to the transcripts bound to the 
array slides. Microarrays are only as good as the bioinformat-
ic data available for the model organism’s genome and tran-
scriptome. RNA-Seq also detects annotated transcripts but also 
will detect novel sequences and splice variants [8]. RNA-Seq 
can use data from the same experiment to characterize exon 
junctions, detect non-coding RNA [9], detect single nucleotide 
polymorphisms, and detect fusion genes [10]. Furthermore, 
existing data sets can be re-evaluated as new sequences are 
annotated [11]. Microarrays can detect single nucleotide poly-
morphisms, map exon junctions, and detect fusion genes but 
only with arrays designed for those purposes. Annotation of 
non-coding RNA needs to be completed and included on spe-
cialized chips before it can be accurately distinguished by mi-
croarray. Non-coding RNA (small RNA) detection by RNA-Seq 
requires some modifications in sample preparation proce-
dures to exclude larger RNA sequences prior to cDNA genera-
tion. Finally, unlike RNA-Seq, microarray chips need to be up-
dated to contain the most up to date sequence information.

The utility of RNA-Seq for other bioinformatic studies besides 
gene expression profiling far exceeds that of a microarray. RNA-
Seq is useful to distinguish host from parasite transcripts, study 
symbioses, and examine transcripts from non-model organisms, 
including bacteria [8,12,13]. Monitoring temporal changes in 
transcript abundance of planktonic bacteria would be nearly 
impossible without RNA-Seq [14]. Researchers recently have 
started to examine epigenetic processes using RNA-Seq [15]. 
The study of epigenetics will certain benefit from the contin-
ued use of RNA-Seq in basic research.

RNA-Seq can achieve higher resolution of differentially ex-
pressed genes and has a much lower limit of detection than a 
standard whole genome microarray [6]. In fact, due to the dig-
ital nature of RNA-Seq, there is an unlimited dynamic range of 
detection. Arrays must be customized to have a greater probe 
density for resolving or detecting low abundance transcripts. 
The RNA-Seq method to determine differentially expressed 
genes does have an inherent bias towards longer transcripts 
[16,17]. The sample processing method involves fragment-
ing transcripts. The longer the transcript the more fragments 
available for sequencing. Microarrays do not have this length 
bias and expression levels are proportional to the degree of 
hybridization to probes. The only bias that exists in microar-
ray hybridization would be due to the differences in the GC 
content of the probes used. In addition, biases in both meth-
ods exist for higher abundance transcripts and underscore the 
need for validation of results. Typically, validation of differen-
tially expressed genes can be achieved by quantitative PCR or 
proteomic methods [4].

Sample handling methods for both techniques start with iso-
lation of total RNA followed by production of cDNA by reverse 
transcription (Figure 1). RNA-Seq methods require fragmenta-
tion and attaching specific sequence linkers to the RNA prior 
to cDNA production (Figure 1, right side). The adapter-ligated 
sequences are then ready for reading on the appropriate an-
alyzer. Methods between RNA-Seq platforms differ and RNA 
labeling methods and preparation of RNA prior to reverse 
transcription could differ even when using the same platform 
[2,18]. Some RNA-Seq methods need as little as 10pg of RNA 
to start whereas microarrays can start with as little as 200 ng 
of total RNA. A typical gene expression profiling method would 
use about the same amount of RNA in both methods, general-
ly about 1ug is sufficient. The source of starting tissue can be 
fresh tissue or frozen tissue and both methods can be adapt-
ed to work with formalin fixed paraffin embedded material if 
necessary [19]. The length of time (4–6 h) to prepare a labeled 
cDNA or cRNA suitable for microarray or RNA-Seq is about the 
same. The microarray hybridization step occurs after the la-
beled cRNA is prepared and purified (Figure1). Hybridization 
takes 17h and the array slide is washed for a few minutes be-
fore the array is scanned and analyzed (Figure 1).
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Statistical tests for each method require evaluating the null 
hypothesis that a gene is not differentially expressed between 
two treatment groups or disease states after calculating p val-
ues [3] using a t test for microarrays and a Fisher Exact Test for 
RNA-Seq. Microarrays are capable of detecting a 2 fold change 
with great reliability while RNA-Seq has far greater resolution 
and can accurately measure a 1.25 fold change. Over the last 
decade, data analysis for microarray has become easier for 
the average user. The software available is user friendly and 
many software packages are free of charge. The protocols are 
also more universally applicable and comparable across all 
platforms. For RNA-Seq, there are many data analysis meth-
ods available but not one standard protocol [20]. Analysis of 
RNA-Seq data also requires extensive experience and the bio-
informatics skills necessary to process the data files. The data 
analysis techniques not only differ in the type of software used 
to initially reduce the data sets [20] but also for each use of 
RNA-Seq [21,22]. The size of an average raw data file from an 
Agilent microarray is 0.7 MB while the normal size of uncom-
pressed RNA-Seq raw file is approximately 5GB. Data sharing 
in RNA-Seq becomes extremely difficult and the cost to store 
data is also greater. Overall, it costs about $300 per sample for 
microarray and up to $1000 per sample for RNA-Seq.

Conclusions

The complicated nature of RNA-Seq data analysis will cer-
tainly be mitigated as advances in software and newer tech-
niques are invented. The sequencing technologies are rapidly 
advancing from second generation techniques to third gen-
eration and beyond. The cost of RNA-Seq will certainly drop 
over time. As of today, however, microarrays are reliable and 
more cost effective than RNA-Seq for gene expression profiling 
in model organisms. Our laboratory routinely uses microarray 
for gene expression profiling in human cells [23–25]. We also 
find novel, useful, and non-obvious information from exam-
ining the pattern of gene expression across large numbers of 
samples that can be quickly and easily generated in a highly 
reproducible manner via gene expression microarray. For clin-
ical applications, microarrays have been used for a longer pe-
riod of time and will probably have regulatory approvals for 
diagnostic use prior to RNA-Seq obtaining approvals. RNA-Seq 
will eventually be used more routinely than microarray, but 
right now the techniques can be complementary to each oth-
er. Microarrays will not become obsolete but might be rele-
gated to only a few uses. RNA-Seq clearly has a bright future 
in bioinformatic data collection.

Figure 1.  Workflow of sample preparation for 
Agilent array processing (left) and 
workflow for strand specific RNA-
Seq sample preparation for Illumina 
platform (right). Adapted from Agilent 
product package inserts.
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