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Summary

We have analyzed the set of genes expressed from
the yeast genome, herein called the transcriptome,
using serial analysis of gene expression. Analysis of
60,633 transcripts revealed 4,665 genes, with expres-
sion levels ranging from 0.3 to over 200 transcripts per
cell. Of these genes, 1981 had known functions, while
2684 were previously uncharacterized. The integration
of positional information with gene expression data
allowed for the generation of chromosomalexpression
maps identifying physical regions of transcriptional
activity and identified genes that had not been pre-
dicted by sequence information alone. These studies
provide insight into global patterns of gene expression

in yeast and demonstrate the feasibility of genome-
wide expression studies in eukaryotes.
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Published in final edited form as:
Science. 2008 June 6: 320(5881): 1344—1349. doi1:10.1126/science. 1158441,

The Transcriptional Landscape of the Yeast Genome Defined by
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Abstract

Although many genome sequences have been determined, identification of genes and their elements
such as untranslated regions (UTESs). introns, and coding regions 15 still a significant challenge. We
have developed a novel sequencing-based method called RINA-Seq in which cDNA fragments are
sulbjected to high throughput sequencing using the Ilumina platform. and short reads are
computationally mapped to the genome to identify the transcnibed regions. We have successfully
applied RN A-Seq to generate a high-resolution transcriptome map of the yeast genome. We
demonstrate that most (74_5%:) of the unique sequence of the veast genome 1s transcribed. We used
this method to globally map 5" UTE and 3" UTE boundanes and confirmed many known and predicted
mtrons and demonstrated that others are not actively used. Our results suggest an alternative mnitiation
codon from that annotated for a number of known genes and demonstrate that manv yveast genes
contain upstream open reading frames (WOFFs). We also found unexpected 3" end heterogeneity and
the presence of many overlapping genes. We also found many novel transcribed regions not identified
by other methods. These results indicate that the weast transcriptome 1s more complex than previously
appreciated. Furthermore, EMNA-Seq 1s demonstrated to be at least as accurate as DINA microarrayvs
for quantifying RINA expression levels and has a much larger dyvnamic range. We expect that RINA-
Seq will be a valuable general approach for high resolution mapping of transcriptomes 1n many
organisms.
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Figure 1. Flowchart of experimental and informatics of RNA-Seq method
A) RNA Seq experimental pipeline. B) Informatics pipeline. C) A snapshot of the mapped

RNA-Seq reads showing no expression in a deleted gene (LEU2) and an expressed neighboring
gene (YCLO17C).
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Mapping Transcribed Regions in the Yeast
Genome Using RNA Sequencing

Extensive Expression of the Yeast Genome

Mapping Gene Boundaries and UTRs Using
RNA-Seq

Reannotation of the Yeast Genome
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 Upstream ORFs are Present in Many 5' UTRs
of Yeast Genes

« Detection of Novel Transcribed Regions

* Quantitative Monitoring of Gene Expression
Levels Using RNA-Seq
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Figure 2. Extensive expression of the yeast genome revealed by RN A-Seq
A) The genome distribution of transcribed regions. Colors represent different transcription
levels for each base (log2 tag count). B) Distmibution of transcribed regions on chromosome

VI C) Histogram of transcribed bases. D) A summary of the transcription level of the
transcriptome.
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Figure 4. Precise annotation of UTRs using RNA-Seq

New annotations of the UTEs 1n a previously well annotated region on chrVI(A) and a
relatively poor annotated region on the same chromosome (B). In the new annotation, ORFs
are denoted by dotted lines, and arrows denote transcription direction. UTRs are denoted by
green shaded boxes flanking the ORFs. cDNA transcripts in red are high confident ones and

those in blue are low confident ones (7)
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