
Characterizing genes has been a 
primary objective for researchers in 
genetics and genomics. However, 
direct measurement of the gene 
product, transcribed RNA, provides 
a functional read-out of the genome 
that is essential for our understanding 
of development and disease.

The early 2000s saw both 
hybridi zation-based and sequenc-
ing-based approaches being used for 
the transcriptome-wide quantifica-
tion of RNA. However, microarray 
technologies were limited in their 
ability to detect very lowly expressed 
genes (sensitivity) and differentiate 
between genes with sequence 
homology (specificity). An addi-
tional limitation is that only known 
genes and exons are incorporated 
into the array, and de novo discov-
ery is not possible. By contrast, 
sequence-based approaches such 
as serial analysis of gene expression 
(SAGE) or massively parallel signa-
ture sequencing (MPSS) relied on 
expensive Sanger sequencing and 

were limited in their ability to detect 
all transcript isoforms.

The emergence of next-generation 
DNA sequencing (MILESTONES 3, 5) 
enabled the development of 
high-throughput sequencing of 
whole transcriptomes, known 
as RNA sequencing (RNA-seq), 
reported in 2008 in a series of 
milestone publications across 
different species. A typical RNA-
seq experiment works by isolating 
messenger RNA (mRNA) with a 
poly(A) tail, reverse-transcribing 
the RNA into complementary DNA 
(cDNA), sequencing this cDNA 
using a next-generation sequencing 
instrument and mapping the result-
ing reads to the reference genome. 
RNA-seq reveals an overall picture of 
which parts of the genome are tran-
scribed and enables accurate RNA 
quantification at higher resolution 
and greater dynamic range than pre-
vious methods because of its digital 
read-out, allowing the detection of 
lowly expressed transcripts. It also 

permits new genes, exons and tran-
script isoforms to be identified.

A study by Nagalakshmi et al. 
demonstrated the power of RNA-seq 
by sequencing the yeast transcrip-
tome. The majority of reads mapped 
to known yeast genes, but many reads 
mapped to regions of the genome 
that had previously not been known 
to be transcribed. This study demon-
strated the capacity of RNA-seq to 
capture gene boundaries at unprece-
dented resolution, including variabil-
ity in 3ʹ untranslated regions, which 
are important for transcript stability 
and localization. Additionally, it 
revealed the complexity of the eukar-
yotic coding genome, uncovering 
many overlapping genes and alterna-
tive transcription start sites.

A contemporaneous study by 
Lister et al. showed how RNA-seq 
can be integrated with other genomic 
data sources to extract functional 
information about the genome. 
Here, the researchers combined 
bisulfite sequencing with RNA-seq 
in Arabidopsis thaliana to study the 
influence of DNA methylation on the 
transcriptome.

The ability to discover new genes 
or transcripts, the high throughput 
and the scalability of the technology 
are major advantages of RNA-seq 
over previous gene expression pro-
filing methodologies. In a study on 
fission yeast, Wilhelm et al. were able 
to detect transcriptomes at high reso-
lution over time and under different 
experimental conditions, capturing 
the dynamic nature of transcription.

The impact of RNA-seq is 
far-reaching, and its full potential 
has yet to be realized. By helping to 
define the functional genome and 
quantify RNA over time and under 
changing conditions, RNA-seq has 
had a profound impact on research 
in fields across genetics, biology and 
medicine, in which it has become a 
staple research tool.

Margot Brandt, Nature Communications
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