
The emerging view of eukaryotic 
transcriptomes is complex, involving 
overlapping transcripts, transcribed 
intergenic regions and abundant 
non-coding RNAs. A recently  
developed method — known as 
RNA-Seq — that uses high- 
throughput sequencing promises a 
more comprehensive understanding 
of this complexity.

RNA-Seq involves direct 
sequencing of cDNAs using 
high-throughput sequencing 
technologies, allowing the level 
of transcription from a particular 
genomic region to be quantified 
from the density of correspond-
ing reads. Unlike array-based 
approaches, RNA-Seq gives a poten-
tially comprehensive view of the 
transcriptome. Another advantage is 
its ability to provide information on 
transcripts that are expressed at very 
low levels, limited only by the total 
number of reads that are generated.

Two new studies have surveyed 
the transcriptomes of model yeast 
species. An investigation of the 
Schizosaccharomyces pombe tran-
scriptome showed RNA-Seq to be a 
highly sensitive method that, unlike 
hybridization-based approaches, is 
subject to little background noise. 
More than 90% of the genome 
was found to be transcribed, and 
a striking amount of variation in 
splicing efficiency was uncovered, 
with differences across introns, 
genes and conditions. In the case 

of Saccharomyces cerevisiae, almost 
75% of the non-repetitive portion of 
the genome was represented in the 
transcriptome. The authors report 
widespread use of alternative initia-
tion codons and upstream ORFs, 
extensive heterogeneity at the 3′ ends 
of transcripts, and large numbers of 
overlapping genes.

As their genomes are more 
complex — in terms of size, number 
of introns and gene duplicates 
— applying RNA-Seq to species 
such as mice and humans requires 
a higher degree of sophistication, 
particularly in terms of data analysis. 
Two studies using mouse cells from a 
range of tissues as well as stem cells, 
and another using human cells, have 
taken on this challenge. Between 
them they identify large numbers 
of previously unknown transcripts, 
provide new information about the 
positions of promoters, exons and 
3′ ends, and highlight the enormous 
level of transcript diversity that can 
be generated by alternative splicing 
in mammals — the study in human 
cells identified 4,096 previously 
unknown splice junctions in 3,106 
genes.

RNA-Seq can be combined with 
other genome-wide methods to pro-
vide an integrated view of gene regu-
lation. This approach is illustrated 
by a study in Arabidopsis thaliana 
that combined the use of RNA-Seq 
to probe the mRNA and small RNA 
transcriptomes with a genome-wide 

survey of DNA cytosine methylation, 
revealing relationships between sites 
of transcription and different epige-
netic modes of regulation. 

In themselves, these papers pro-
vide many new findings for further 
investigation. They also highlight 
how much more we have to learn 
about the complexity of eukaryotic 
transcriptomes, paving the way for 
many more studies in a range of spe-
cies and cell types.
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