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Function annotation of the rice transcriptome
at single-nucleotide resolution by RNA-seq
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The functional complexity of the rice transcriptome is not yet fully elucidated, despite many studies having reported the
use of DNA microarrays. Next-generation DNA sequencing technologies provide a powerful approach for mapping and
quantifying the transcriptome, termed RNA sequencing (RNA-seq). In this study, we applied RNA-seq to globally sample
transcripts of the cultivated rice Oryza sativa indica and japonica subspecies for resolving the whole-genome transcription
profiles. We identified 15,708 novel transcriptional active regions ("TARs), of which 51.7% have no homolog to public
protein data and >63% are putative single-exon transcripts, which are highly different from protein-coding genes (<20%).
We found that ~48% of rice genes show alternative splicing patterns, a percentage considerably higher than previous
estimations. On the basis of the available rice gene models, 83.1% (46,472 genes) of the current rice gene models were
validated by RNA-seq, and 6228 genes were identified to be extended at the 5’ and/or 3’ ends by at least 50 bp. Com-
parative transcriptome analysis demonstrated that 3464 genes exhibited differential expression patterns. The ratio of SNPs
with nonsynonymous/synonymous mutations was nearly 1:1.06. In total, we interrogated and compared transcriptomes of
the two rice subspecies to reveal the overall transcriptional landscape at maximal resolution.

[Supplemental material is available online at http:#Z/www.genome.org. The RNA-seq data from this study have been
deposited in the EMBL Sequence Read Archive (SRA) under accession no. ERA000212 (http://www.ebi.ac.uk/ena/data/
view/ERA000212) and are available in a genome browser at http://www.ncgr.ac.cn/rrs. The sequence data set of con-
tinuous transcribed fragments, the detailed list of identified splicing junctions, all identified SNP lists, the SPSS binary
code, and Perl scripts are freely available at http://www.ncgr.ac.cn/english/edatabase.htm.]
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Figure 1. Summary of RNA-seq mapping data. (A) Overall mapping results of paired-end reads (PEs) referring to the Nipponbare genome sequence. (B)

Classification of the identified exon-exon junctions based on the known splicing junctions of the MSU annotated gene models. (C) Splicing junctions
identified by SPSS and TopHat. (D) RT-PCR validation of 40 randomly selected novel identified exon—-exon junctions were carried out by using the total
RNAs of Nipponbare. Amplification of the actin fragment in RT-PCR was used as control.
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Figure 2. Characterization and classification of nTARs. (A) Distribution of continuous transcribed fragments according to the MSU annotated gene models. (B) The 15,708 nTARs were classified in
seven categories based on the positive (+) or negative (—) detection of the transcribed fragments in three rice varieties, 93-11, Guangluai 4, and Nipponbare. (C) RT-PCR validation of 40 randomly
selected transcripts from the seven categories (indicated at top) of n"TARs was carried out using the total RNAs of the three rice varieties, Nipponbare, 93-11, and Guangluai 4, as indicated. Amplification
of the actin fragment in RT-PCR was used as control.
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Oryza sativa japonica (IRGSP v4.0) chromosome 12: 24083194..24089000 Oryza sativa japonic:

A chr12

Figure 3. Examples of identified novel AS patterns and nTARs. (A) Novel exons (brackets) and alternative exons (vertical arrows) in the
LOC_0Os12g38850 transcript among 93-11, Guangluai 4, and Nipponbare are shown. Exons (filled boxes and horizontal arrows) and introns (lines)
predicted by gene models (RAP2 and TIGR) were indicated. The RNA-seq short reads were indicated by purple lines. (B) Strong transcriptional activity was
detected by the RNA-seq reads (purple lines) in the Nipponbare nearby gene LOC_Os12g01290. (C) nTARs identified by RNA-seq reads (purple lines) in
Nipponbare and 93-11 as compared with the gene prediction models. (D) Novel exon—exon splicing junctions were identified in the three varieties.
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Figure 4. The genome distribution of transcribed regions in rice. Plots showing the number of mapped paired-end reads that was calculated in 50-kb
windows along the 12 rice chromosomes are shown as color-coded vertical bars (see color index).
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Identification of SNPs and comparatlve analysis
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