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            Abstract
Our understanding of human biology and disease is ultimately dependent on a complete understanding of the genome and its functions. The recent application of microarray and sequencing technologies to transcriptomics has changed the simplistic view of transcriptomes to a more complicated view of genome-wide transcription where a large fraction of transcripts emanates from unannotated parts of genomes1,2,3,4,5,6,7, and underlined our limited knowledge of the dynamic state of transcription. Most of this broad body of knowledge was obtained indirectly because current transcriptome analysis methods typically require RNA to be converted to complementary DNA (cDNA) before measurements, even though the cDNA synthesis step introduces multiple biases and artefacts that interfere with both the proper characterization and quantification of transcripts8,9,10,11,12,13,14,15,16,17,18. Furthermore, cDNA synthesis is not particularly suitable for the analysis of short, degraded and/or small quantity RNA samples. Here we report direct single molecule RNA sequencing without prior conversion of RNA to cDNA. We applied this technology to sequence femtomole quantities of poly(A)+ Saccharomyces cerevisiae RNA using a surface coated with poly(dT) oligonucleotides to capture the RNAs at their natural poly(A) tails and initiate sequencing by synthesis. We observed transcript 3â€² end heterogeneity and polyadenylated small nucleolar RNAs. This study provides a path to high-throughput and low-cost direct RNA sequencing and achieving the ultimate goal of a comprehensive and bias-free understanding of transcriptomes.
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                    Figure 1: 
                        DRS chemistry and sequencing steps.
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Figure 2: 
                        DRS sequencing read-length statistics.
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Figure 3: 
                        DRS read distribution.
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Figure 4: 
                        S.â€‰cerevisiae
                         poly(A)
                        +
                         RNA DRS suggests overlapping transcription units and polyadenylated snoRNA and rRNA species.
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Understanding the functional output of the genome â€” the sum total of messenger RNAs in a cell or cell population, known as the transcriptome â€” is an essential step on the way to understanding biology. Current methods for studying the transcriptome rely on microarray and sequencing approaches that require complementary DNA synthesis followed by multiple manipulations, which introduce biases and potential artefacts. Now a team based at Helicos BioSciences Corporation has developed a direct single-molecule RNA sequencing technique that when scaled-up promises a bias-free high-throughput transcriptome analysis.
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