RNA-Seq

a revolutionary*tool for transcriptomics
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Hybridization-based approaches are high throughput and relatively inexpensive, except
for highresolution tiling arrays that interrogate large genomes. However, these methods
have several limitations, which include:reliance upon existing knowledge about genome
sequence; high background levels owing to cross-hybridization; and a limited dynamic
range of detection owing to both background and saturation of signals. Moreover,
comparing expression levels across different experiments is often difficult and can
require complicated normalization methods
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Table 1 | Advantages of RNA-5eq compared with other transcriptomicz methods:

Technology

Technology specifications

Principle

Resolution

Throughput

Reliance on genomic sequence

Background noise

Application

Simultanecusly map transcribed regions and gene expression
Dynamic range to quantify gene expression level
Ability to distinguish different isoforms

Ability to distinguish allelic expression

Practical issues

Required amount of RNA

Cost for mapping transcriptomes of large genomes

Tiling microarray

Hybridization

From several to 100 bp
High

Yes

High

Yes

Up to a few-hundredfold
Limited

Limited

High
High

cDNA or E5T sequencing

Sanger sequencing

Single basze
Low

Mo

Low

Limited for gene expression

Mot practical
Yes
Yes

High
High

RNA-5eq

High-throughput sequencing

single base
High

In some cases
Low

Yes
>8,000-fold
Yes
Yes

Low

Relatively low
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Short sequence reads
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poly(A) end reads

happed sequence reads

Mucleatide position

A typical RnA-seq experiment. Briefly, long RNAs are first
converted into a library of cDNA

fragments through either RNA fragmentation or DNA
fragmentation (see main text). Sequencing

adaptors (blue) are subsequently added to each cDNA
fragment and a short sequence is obtained from

each cDNA using high-throughput sequencing technology.
The resulting sequence reads are aligned

with the reference genome or transcriptome, and classified
as three types: exonic reads, junction reads

and poly(A) end-reads. These three types are used to
generate a base-resolution expression profile for

each gene, as illustrated at the bottom; a yeast ORF with
one intron is shown,
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Taking all of these advantages into account, RNA-Seq is the first sequencing based
method that allows the entire transcriptome to be surveyed in a very high-throughput and
guantitative manner. This method offers both single-base resolution for annotation and
‘digital’ gene expression levels at the genome scale,often at a much lower cost than either

tiling arrays or large-scale Sanger EST sequencing.
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@ Challenges for RNA-Seq e

1-Library construction
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3 -develop computationally simple methods to T8¢
events that take place between two distant sequences or between
exons from two different genes. £2 4 & /i 41 77 7258 R A= 78 1 457
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4 Coverage VEersus COSt. the larger the genome, the more complex the transcriptome, the
more sequencing depth is required for adequate coverage.
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New transcriptomic insights

1- Mapping gene and exon boundaries. /571 & (7 A 152 T 190 57

2-Extensive transcript complexity

3-Novel transcription. & 2 & = 15 g 21 17 F2H 1
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Although RNA-Seq is still in the early stages of use, it has clear advantages over
previously developed transcriptomic methods. The next big challenge for RNA-Seq is to
target more complex transcriptomes to identify and track the expression changes of
rare RNA isoforms from all genes. Technologies that will advance achievement of this
goal are pair-end sequencing, strand-specific sequencing and the use of longer reads
to increase coverage and depth. As the cost of sequencing continues to fall, RNA-Seq
IS expected to replace microarrays for many applications that involve determining the

structure and dynamics of the transcriptome.
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