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Completion of the Human Genome Project and, later on, advances in whole genome tiling arrays and high-throughput cDNA/EST sequencing have led to at least two unexpected outcome which have advanced our somewhat dichotomous vision of genome expression which placed genes and their messenger RNA products in the limelight for decades, whereas the remainder was relegated as junk DNA. The predicted 50-100,000 protein-coding gene units, that would reflect the great complexity of the human organism, were first revised downwards to about 20,000 coding genes [START_REF] Ast | The alternative genome[END_REF]. In parallel, it strengthened the view that genomes are widely transcribed while mRNA represents only 1-2% of this transcriptional output. The vast majority of these RNA was classified as non-coding RNA (ncRNA) [2; 3] primarily owing to the fact that, by definition, no open reading frame (ORF) long enough to be considered, nor protein, have been associated with them. Generally speaking, this classification incorporates transcripts generated by pervasive transcription outside of annotated gene loci for which no function has been identified yet, although many studies are continuing to add to our knowledge of the fundamental role of these RNA in most biological processes (for a review see [START_REF] Mercer | Long non-coding RNAs: insights into functions[END_REF]). Most non-coding RNA, and especially long non-coding RNA, are transcribed by RNA polymerase type II, capped and polyadenylated, undergo splicing, and can not be discriminated from mRNA [START_REF] Carninci | Noncoding RNA transcription beyond annotated genes[END_REF][START_REF] Dinger | Differentiating proteincoding and noncoding RNA: challenges and ambiguities[END_REF][START_REF] Griffiths-Jones | Annotating noncoding RNA genes[END_REF][START_REF] Ulveling | When one is better than two: RNA with dual functions[END_REF], except by their protein-coding potential. This view has been challenged recently, with the concept of bifunctional RNA (for a review, see [START_REF] Ulveling | When one is better than two: RNA with dual functions[END_REF] and Figure 1). In essence, bifunctional RNA hold the dual capacity of serving as both intermediate molecules translated into protein and functional RNA. Several examples have been described recently in the animal kingdom, with p53 being a prime example (nicely reviewed by M. Candeias in this issue). Both p53 mRNA and protein can interact with the Mdm2 protein with opposing effects on p53 synthesis and proteasome-mediated degradation [10; 11]. Historically, the founding member of this new class of ncRNA exhibiting the ability to encode for proteins was SRA (Steroid Receptor RNA Activator), first identified as a structural ncRNA molecule in hormone receptor complexes, characterized by discrete stem-loop structures required for the coactivator function of SRA [START_REF] Lanz | Distinct RNA motifs are important for coactivation of steroid hormone receptors by steroid receptor RNA activator (SRA)[END_REF] extensively reviewed by Cooper et al. in this issue. A few years later, new SRA isoforms were identified, exhibiting an additional exon upstream of the core exons, containing two initiating methionines and a predicted open reading frame (ORF) of 236/224 amino acids [13; 14], for which two associated SRAP proteins were detected shortly afterwards [13; 15; 16]. Interestingly, the existence of both coding and non-coding SRA transcripts seems to be regulated, at least in part, by the differential splicing of the first intron of SRA. Therefore, the regulation of alternative splicing on this type of molecule might regulate the balance between RNA and protein-coding functions and influence the overall effect of SRA expression on the regulation of gene expression and cell differentiation [6; 13-19]. In this respect, we recently established that while SRA ncRNA was an enhancer of MyoD transcriptional activity and myogenic differentiation, SRAP prevented this SRA RNA-dependant co-activation through interaction of SRAP with its RNA counterpart.

Such an example of a genetic locus producing both coding and non-coding RNA, depending primarily on an event of alternative splicing, is to our knowledge an isolated case. But it can be predicted that bifunctional RNA could be more widespread than expected and could apply to hundreds of mRNA that could function as functional RNA or, conversely as non-coding RNA that could hide a capacity to encode peptides, simply because these aspects have rarely been formally addressed [20; 21]. We propose here to take advantage of the massive amount and diversity of data generated by sequencing projects to perform a bioinformatical identification of mRNA with ORF disrupted by alternative splicing, that could potentially represent new bifunctional RNA for which experimental approaches may uncover a functional implication (Figure 2).

The number of introns in a genome seems to increase with organismal complexity since it greatly increased during evolution [START_REF] Koralewski | Evolution of exon-intron structure and alternative splicing[END_REF], from 4 introns in the whole genome of Giardia intestinalis to about 7.8 per gene in humans. With the number of coding genes estimated between 19,000 and 25,000, the human genome contains about 150,000 to 200,000 introns [1; 20]. A particular case in the general process of alternative splicing of introns leads to maintenance of certain introns. In vertebrates, this retention of introns affects predominantly short introns, i.e. shorter than 200 nucleotides in length [22]. Although this only accounts for about 3.1% of all reported alternative splicing events, hundreds of genes may be affected [START_REF] Koralewski | Evolution of exon-intron structure and alternative splicing[END_REF]. Whether this retention of introns produces functional and stable molecules, as reported in the case of SRA, remains to be explored.

As shown in Figure 3, the vast majority of the observed retention of introns (1962 out of 2241 reported events) fall within coding sequences (CDS), which only represent about half of the full mRNA length [START_REF] Galante | Detection and evaluation of intron retention events in the human transcriptome[END_REF], suggesting a non-random distribution of retained introns. Those retained at the extremities of untranslated regions (UTR), 140 events in 5'UTR and 139 and 3'UTR, might contribute to the stabilization (or destabilization) of the associated transcript or might offer target sites for miRNA and therefore participate in the regulation of mRNA degradation. The appearance of stop codon(s) in such regions would not interfere with the protein coding capacity of the transcripts. Indeed, in 620 cases, retention of an intron did not change the reading frame, but could potentially lead to the formation of additional protein domains of up to 66 amino acids since we selected introns shorter than 200 nucleotides. This type of alternative splicing has been known for decades to participate in the enrichment of the diversity of proteins produced from a single gene and potentially diversification of protein function. However, when introns are retained within the CDS, the appearance of a stop codon would contribute to the production of a truncated peptide (if inserted close to the 3'-end) or the absence of a protein product (if inserted downstream of the start codon). We found here that the translatability of about 318 genes might indeed be interrupted by the retention of an intron in the first third of the CDS. This type of event was typically disregarded owing to the absence of protein products associated with them, but in the light of recent data, they might also contribute to the diversification of the information carried by genes, by producing functional RNA.

During our data-mining for alternative splicing events described above and in the legend of Figure 2, we identified 318 potentially new bifunctional RNA. SRA, the first reported case of retention of an intron that influences the production of two distinct molecular entities with opposing functions in the same pathways, which served as the base for this study, was indeed found in this cluster of 318 transcripts, validating the potential and accuracy of the approach employed. One could argue that these alternatively spliced and untranslated mRNA are usually considered as defective RNA and thought to be directed to nonsense mediated decay (NMD) pathways to be degraded. However, the database we used contained entries exhibiting various types of alternative splicing events and the denoted 'retained intron' was based on an analysis of splicing graphs, conserved between human and mouse, and further confirmed by their presence in EST or cDNA database, indicating that they may well exist under physiological conditions [START_REF] Sugnet | Transcriptome and genome conservation of alternative splicing events in humans and mice[END_REF]. Of course, these potentially new bifunctional RNA await experimental validation to test their functionality at the RNA level.

Figure 1.

Influence of alternative splicing events on the transcriptional output of a gene. In addition to the classical enrichment of protein diversity, alternative splicing might also contribute to the diversification of the information carried by genes, by producing functional RNA instead of a protein product. For example, SRA RNA exists as coding and non-coding isoforms, through alternative splicing of the first intron, leading to the production of a protein-coding mRNA whereas its retention leads to the production of a non-protein-coding functional RNA (ncRNA), forming the basis for the concept of "bifunctional RNA". (ORF, Open Reading Frame).

Figure 2. Workflow for data mining of alternative splicing events. Datasets of 'Human

Introns', 'Alternative Events' and 'Genes' were retrieved from the UCSC table browser (http://genome.ucsc.edu), using "Genes and gene prediction", "Alt events" or "RefSeq Genes" tracks, respectively, from the hg19 assembly covering the whole human genome. Using Galaxy (http://main.g2.bx.psu.edu) and 'Operate on Genomic Intervals' tool, we have selected only introns shorter than 200 nucleotides and 100% covered in 'Alternative Events' datasets. Location of intron retention relative to the start and stop codons was obtained by genomic coordinate comparison (from 'Genes' dataset). ORF disruption was then assessed using a custom Perl script. 

Figure 3 .

 3 Figure 3. Number of entries identified throughout the workflow described in Figure 2,
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