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have thus identified the first 5'-tailed mirtron within a cluster of miRNAs for which alternative splicing is directly associated with differential expression of the other miRNAs of the cluster, with an increase in intronic mdv1-miR-M8 expression and a decrease in expression of the exonic mdv1-miR-M7, and indirectly associated with regulation of the host transcript. According to the alternative 3'SS used for the host intron splicing, the mdv1-miR-M6 is processed as a mirtron by the spliceosome, dispatching the other miRNAs of the cluster into intron and exon, or as a canonical miRNA by the Microprocessor complex. The viral mdv1-miR-M6 mirtron is the first mirtron described that can also follow the canonical pathway.

INTRODUCTION

MicroRNAs (miRNAs) are small non-coding RNAs of  22 nts in length that inhibit gene expression by degrading or inhibiting the translation of messenger RNAs (mRNAs). They have a stem-loop structure that is cropped by the Microprocessor complex (MPC), which consists of at least the Drosha ribonuclease III and its cofactor DGCR8. The miRNA hairpins may be located in the introns or exons of coding and non-coding genes, or in the intergenic region. [START_REF] Kim | Biogenesis of small RNAs in animals[END_REF] Most miRNAs (an estimated 62%) are found in intronic regions, [START_REF] Morlando | Primary microRNA transcripts are processed co-transcriptionally[END_REF] and about a quarter of them are grouped into clusters. [START_REF] Rearick | Critical association of ncRNA with introns[END_REF] With a few notable exceptions, [START_REF] Ramalingam | Biogenesis of intronic miRNAs located in clusters by independent transcription and alternative splicing[END_REF] clustered intronic miRNAs are processed from the same primary transcript (pri-miRNA), corresponding to the host transcript. [START_REF] Kim | Biogenesis of small RNAs in animals[END_REF] The pri-miRNA is processed cotranscriptionally by the spliceosome and the MPC, to generate the spliced RNA and miRNA, respectively. The interplay between the splicing machinery and the MPC remains unclear. Several studies have suggested that Drosha carries out intronic miRNA biogenesis before the splicing reaction of the host intron is completed, [START_REF] Morlando | Primary microRNA transcripts are processed co-transcriptionally[END_REF][START_REF] Kim | Processing of intronic microRNAs[END_REF] and other studies have highlighted direct positive or negative interactions between the MPC and the spliceosome. [START_REF] Mattioli | Cross talk between spliceosome and microprocessor defines the fate of pre-mRNA[END_REF] For instance, spliceosome assembly at the 5' splice site (SS) of the sixth intron of melastatin has been shown to promote Drosha recruitment to the hsa-mir-211 hairpin and to facilitate the cropping of this intronic miRNA, resulting in the mutual promotion of intron splicing and miRNA production. [START_REF] Janas | Feed-forward microprocessing and splicing activities at a microRNA-containing intron[END_REF] In addition, the position of miRNA hairpins on the pre-RNA, their distance from splice sites, and the relative efficiency of cropping have a direct effect on the fate of the pre-RNA. [START_REF] Mattioli | Cross talk between spliceosome and microprocessor defines the fate of pre-mRNA[END_REF] In particular, the presence of overlapping miRNA hairpins at alternative splice sites (SO-miRNA) of the host transcript leads to exclusive processing of the miRNA or of the spliced transcript, [START_REF] Mattioli | A competitive regulatory mechanism discriminates between juxtaposed splice sites and pri-miRNA structures[END_REF] as for exonic miRNAs. [START_REF] Mattioli | Cross talk between spliceosome and microprocessor defines the fate of pre-mRNA[END_REF] Alternative splicing mechanisms, controlled by enhancer and silencer splicing regulatory elements in introns and exons (ISE/ISS and ESE/ESS, respectively), can also have differential effects on the expression of intronic miRNAs encoded by the same cluster. For instance, a recent study showed that splicing from an alternative 3'SS in intron 13 of MCM7 (mini chromosome maintenance 7) leads to the inclusion of the last miRNA of the hsa-miR-106b-25 intronic cluster in an alternative exon and modification of the expression of hsa-mir-25 relative to that of the other miRNAs of the cluster. [START_REF] Agranat-Tamir | Interplay between pre-mRNA splicing and microRNA biogenesis within the supraspliceosome[END_REF] Finally, the splicing machinery is also directly involved in the biogenesis of a minor class of intronic miRNAs bypassing Drosha processing: the mirtrons. These non-canonical miRNAs were originally identified in Drosophila and nematodes, before their description
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Many miRNAs encoded by DNA viruses have been identified over the last decade, mostly in the genomes of herpesviruses, [START_REF] Kincaid | Virus-encoded microRNAs: an overview and a look to the future[END_REF] including Marek's disease virus (MDV-1 or GaHV-2, for Gallid herpesvirus type 2), [START_REF] Burnside | Marek's disease virus encodes MicroRNAs that map to meq and the latency-associated transcript[END_REF] MDV-1 is an avian oncogenic herpesvirus that causes a highly malignant Tlymphoma within two to three weeks of infection in experimental conditions. Following primary lytic replication in B cells, MDV-1 establishes a latent infection in activated CD4 + T cells, the primary target for oncogenic transformation. [START_REF] Calnek | Marek's disease--a model for herpesvirus oncology[END_REF][START_REF] Schat | Transformation of T-lymphocyte subsets by Marek's disease herpesvirus[END_REF] Like all herpesviruses, MDV-1 persists in cells during the latent cycle, which is associated with lymphomagenesis in this model. The non-coding RNAs (ncRNAs) of MDV-1, such as small nucleolar RNA (snoRNA) (vTR: viral telomerase RNA), miRNAs and long noncoding RNAs (lncRNAs), play an important role in lymphomagenesis. [START_REF] Shkreli | Involvement of the oncoprotein c-Myc in viral telomerase RNA gene regulation during Marek's disease virus-induced lymphomagenesis[END_REF][START_REF] Zhao | Critical role of the virus-encoded microRNA-155 ortholog in the induction of Marek's disease lymphomas[END_REF] We have previously shown that the LAT gene (for latency-associated transcripts, 11 kbp) encodes unspliced and alternatively spliced lncRNAs, consisting of at least 3 to 15 exons, [START_REF] Strassheim | mdv1-miR-M7-5p, located in the newly identified first intron of the latency-associated transcript of Marek's disease virus, targets the immediate-early genes ICP4 and ICP27[END_REF] and is driven by a p53-dependent promoter.
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It is the most strongly expressed gene during the latency associated with lymphomagenesis. No precise function or target has yet been demonstrated for the 11 kb unspliced transcript or for any of the spliced transcripts of the LAT lncRNA. Nevertheless, the first intron of the LAT gene contains the mdv1-miR-M8-M10 miRNA cluster, and the splicing of this intron is determined by the use of various 3'SS in association with a single 5'SS that is used for all LAT lncRNA alternative transcripts. [START_REF] Burnside | Marek's disease virus encodes MicroRNAs that map to meq and the latency-associated transcript[END_REF][START_REF] Strassheim | mdv1-miR-M7-5p, located in the newly identified first intron of the latency-associated transcript of Marek's disease virus, targets the immediate-early genes ICP4 and ICP27[END_REF] The mdv1-miR-M8-M10 cluster consists of four pre-miRNAs: mdv1-mir-M8, mdv1-mir-M6, mdv1-mir-M7 and mdv1-mir-M10, in the 5' to 3' direction. We and others have reported the differential expression for the various miRNAs of the mdv1-miR-M8-M10 cluster, [START_REF] Burnside | Marek's disease virus encodes MicroRNAs that map to meq and the latency-associated transcript[END_REF][START_REF] Burnside | Emerging roles of chicken and viral microRNAs in avian disease[END_REF][START_REF] Morgan | Sequence conservation and differential expression of Marek's disease virus microRNAs[END_REF][START_REF] Stik | Small RNA cloning and sequencing strategy affects host and viral microRNA expression signatures[END_REF] even though all these miRNAs are derived from the same primary LAT lncRNA. [START_REF] Stik | A p53dependent promoter associated with polymorphic tandem repeats controls the expression of a viral transcript encoding clustered microRNAs[END_REF] The mdv1-mir-M8 and -M6 miRNAs are two of the most strongly expressed miRNAs from MDV-1 infection, with the expression of mdv1-mir-M10 being an order of magnitude weaker. Conflicting results have been reported concerning the expression of mdv1-mir-M7. Indeed, depending on the quantitative analysis method used, it may be found to be the most strongly expressed miRNA of MDV-1 or weakly expressed, like mdv1-mir-M10.
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We therefore investigated the impact of the alternative splicing of the LAT lncRNA on the differential expression of its intronic mdv1-miR-M8-M10 cluster. Using splicing mutagenesis in minigenes and an established inducible sh-Drosha cell lineage, we were able to identify mdv1-mir-M6 as the first 5'-tailed mirtron within a cluster for which alternative splicing had differential effects on the biogenesis of the other three miRNAs of the cluster, dispatching them into intronic and exonic structures, and on the fate of the LAT lncRNA host transcript. Finally, we propose a model for the differential expression of the mdv1-miR-M8-M10 cluster by Drosha following either alternative splicing of intron 1 of the LAT lncRNA or alternative splicing of the 5'-tailed mirtron mdv1-mir-M6, involving two-step processing of the cluster.

RESULTS

Identification of a new 3'SS in the mdv1-miR-M8-M10 intronic cluster defining a large alternative exon 2 of LAT lncRNA

In previous studies, we showed that the miRNAs of the mdv1-miR-M8-M10 cluster have different individual levels of expression, despite being derived from the same LAT pri-miRNA. [START_REF] Strassheim | mdv1-miR-M7-5p, located in the newly identified first intron of the latency-associated transcript of Marek's disease virus, targets the immediate-early genes ICP4 and ICP27[END_REF][START_REF] Stik | A p53dependent promoter associated with polymorphic tandem repeats controls the expression of a viral transcript encoding clustered microRNAs[END_REF][START_REF] Stik | Small RNA cloning and sequencing strategy affects host and viral microRNA expression signatures[END_REF] Here, we assessed the impact of LAT lncRNA splicing on the expression of miRNAs from the mdv1-miR-M8-M10 cluster embedded in its first intron, alternatively spliced in 3'. [START_REF] Strassheim | mdv1-miR-M7-5p, located in the newly identified first intron of the latency-associated transcript of Marek's disease virus, targets the immediate-early genes ICP4 and ICP27[END_REF] We therefore investigated whether alternative splicing of LAT lncRNA is involved in the differential expression of mdv1-miR-M8-M10 cluster of miRNAs, by performing various RT-PCRs on LAT lncRNA extracted from MDV-1 naturally infected MSB-1 cells with a forward primer (A463) targeting exon 1 and with three reverse primers, A89, binding to exon 2, M449 and M621 binding to intron 1 upstream and inside of the mdv1-miR-M8-M10 cluster of miRNAs, respectively (Fig. 1A). The RT-PCR with the A463/A89 primers, used to detect transcripts extending from exon 1 to exon 2, produced two types of expected amplicons: an unspliced 1725 bp amplicon, not corresponding to genomic amplification according to the findings for the RT negative control (RT-) (Fig. 1B), and a set of spliced transcripts of about 230 bp in length, corresponding to intron 1 splicing from its single 5'SS joined to two different previously described alternative 3'SS bordering exons 2A and 2B (Fig. 1C). [START_REF] Strassheim | mdv1-miR-M7-5p, located in the newly identified first intron of the latency-associated transcript of Marek's disease virus, targets the immediate-early genes ICP4 and ICP27[END_REF] The A463/M449 RT-PCR, with M449 binding to intron 1 in 5' of the cluster of miRNAs (Fig. 1A and1C), produced a unique amplicon of 598 bp corresponding to the unspliced transcript (Fig. 1D). Strikingly, the A463/M621 RT-PCR, with M621 also binding to intron 1 but between mdv1-miR-M6 and -M7 sequences (Fig. 1A and1C), produced a

Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 6 first amplicon of 945 bp corresponding to the unspliced transcript and a second amplicon of 200 bp in length (Fig. 1E). Sequencing of the 200 bp amplicon identified an effective alternative consensus 3'SS (CAG) at the end of the mdv1-mir-M6 sequence, allowing the binding of exon 1 to a new potential alternative exon 2, which we called "exonmiR" (Fig. 1C). Finally, the characterization of "exonmiR" as a newly large alternative exon 2 was confirmed by sequencing analysis of the 869 bp amplicon obtained from the RT-PCR A463/B139 (Fig. 1C), with B139 primer spanning the 3' splice junction of intron 1 and exon 2A (Fig. 1A and1C). Overall, the detection of this new alternative 3'SS at the end of mdv1-miR-M6-3P highlights an interesting splicing event within the mdv1-miR-M8-M10 cluster of miRNAs because it resulted in the miRNAs of the cluster being dispatched into intronic and exonic structures for mdv1-miR-M8-M6 and mdv1-miR-M7-M10, respectively.

Inhibition of the splicing of intron 1 affects only mdv1-miR-M6 biogenesis

We then investigated the role of the alternative splicing of the LAT lncRNA in intronic miRNA biogenesis and, more specifically, the involvement of exonmiR alternative splicing in the differential expression of the four miRNAs of mdv1-miR-M8-M10 cluster, using miniLAT-WT (pBS691 minigene), consisting of part of the LAT gene sequence, from the promoter to the fourth exon, which we had previously shown to yield the efficient production of miRNAs from the cluster. [START_REF] Stik | A p53dependent promoter associated with polymorphic tandem repeats controls the expression of a viral transcript encoding clustered microRNAs[END_REF] We first ensured that miniLAT-WT splicing yielded products consistent with the LAT lncRNA transcripts naturally produced in MSB-1 cells. We transfected DT-40 cells, not infected with MDV, with miniLAT-WT and carried out RT-PCR, targeting the sequence extending from exon 1 to exon 2 with the A463/A89 primers (Fig. 2A and 2B). All three amplicons obtained of 1725, 230 and 1100 bp were cloned, sequenced and shown to correspond to unspliced, spliced exon 1-exons 2A/B transcripts and to a non-specific amplification of DT-40 cells transcripts, respectively. By performing RT-PCR with the A463/M621 primers, we also confirmed the existence of spliced exon 1-exonmiR transcripts of 200 bp in length with miniLAT-WT (Fig. 2C). Thus, the miniLAT-WT efficiently produced both the unspliced and the alternatively spliced transcripts described for the natural LAT lncRNA (Fig. 1C). [START_REF] Strassheim | mdv1-miR-M7-5p, located in the newly identified first intron of the latency-associated transcript of Marek's disease virus, targets the immediate-early genes ICP4 and ICP27[END_REF] Building on these results, we investigated the impact of splicing inhibition on miRNA biogenesis, by mutating the single and necessary 5'SS in miniLAT-WT to generate miniLAT-5'SS m (Fig. 2A), which we used to transfect DT-40 cells. RT-PCR for exon 1-exon 2 amplification revealed that spliced transcripts were produced despite the mutation of the constitutive 5'SS (Fig. 2B), from a cryptic consensus 5'SS (GU) located 22 bp upstream from the constitutive site, as determined by sequence analysis. We then mutated this Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 7 cryptic 5'SS in the miniLAT-5'SS m to obtain the double-mutant miniLAT-5'SS mm (Fig. 2A). RT-PCR targeting exon 1/exon 2 or exonmiR on RNA extracted from miniLAT-5'SS mm -transfected DT-40 cells led to the specific amplification of only unspliced transcripts of 1725 bp and 945 bp, respectively (Fig. 2B and2C), not corresponding to genomic amplification as support by RT negative control (Fig. 2B).

The sequencing of these products confirmed that splicing was completely abolished by the mutation of both the consensus and cryptic 5'SS of intron 1. Before assessing the effects of the inhibition of splicing on intronic mdv1-miR-M8-M10 cluster biogenesis by RT-qPCRs, we first checked that the expression of the miniLAT-WT and the miniLAT-5'SS mm in DT-40 cells was equivalent by performing semi-quantitative RT-PCRs with primers targeting exon 1 (A463/A464), shared by all the LAT transcripts, and with primers targeting GAPDH mRNA. As an equivalent expression for both the miniLATs construct was observed (1/1.04) (Fig. 2D), we then performed specific RT-qPCRs on the guide strand of each miRNA of the cluster, corresponding to the 5P strand. [START_REF] Stik | Small RNA cloning and sequencing strategy affects host and viral microRNA expression signatures[END_REF] Interestingly, we observed that the blocking of splicing had different effects on the relative expression of the miRNAs of the cluster for the miniLAT-5'SS mm with respect to the miniLAT-WT (Fig. 2E). Indeed, mdv1-mir-M6 expression levels decreased considerably, by 70%, whereas the relative expression levels of mdv1mir-M8, -M7 and -M10 were not significantly affected by the inhibition of splicing (Fig. 2E). It thus appears that intron 1 splicing reaction is necessary for the efficient expression of mdv1-mir-M6 but not for the three other miRNAs of the cluster. These data indicate that alternative splicing of LAT lncRNA is clearly involved in the differential expression of mdv1-miR-M8-M10 cluster of miRNAs.

Microprocessor inhibition does not alter mdv1-miR-M6 expression and enhances exonmiR spliced LAT lncRNA level

Pre-mdv1-mir-M6 sequence analysis revealed that, in addition to the 3'SS located at the 3' end of mdv1-mir-M6 sequence, this miRNA had several characteristic sequences common to other mirtrons, including a predicted consensus branchpoint sequence in its loop and a polypyrimidine tract in mdv1-miR-M6-3P (Fig. 3A). [START_REF] Sibley | The biogenesis and characterization of mammalian microRNAs of mirtron origin[END_REF] This observation associated with the particular decrease in expression of mdv1-miR-M6 following splicing inhibition with the miniLAT-5'SSmm (Fig. 2B, 2E and 2F) led us to hypothesize that mdv1-mir-M6 could be a 5'-tailed mirtron. We tested the mdv1-mirtron-M6 hypothesis, by establishing two inducible MSB-1 lineages with the T-Rex System (Invitrogen), in which a short hairpin RNA (shRNA) targeting Drosha is expressed exclusively under tetracycline induction.

We assessed Drosha inhibition after sh-Drosha induction, by performing RT-PCR targeting Drosha

Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 8 and GAPDH mRNAs on both these lineages, with and without the addition of tetracycline. Relative expression levels for Drosha showed that sh-Drosha induction was correlated with a mean inhibition of Drosha mRNA production of 55% (Fig. 3B). A similar inhibition of 51% of Drosha protein production by Drosha silencing was also confirmed by western blotting (Fig. 3C). We then compared the production of the hypothetical mdv1-mirtron-M6 and of the three other miRNAs of the cluster with that of the canonical gga-mir-M21 and the mirtron gga-mir-6615, by RT-qPCRs on the small RNAs extracted from validated sh-Drosha induction assays. Following Drosha silencing, the mdv1-mir-M8, -M7 and -M10 displayed a significant decrease in expression, of almost 70%, 45% and 30%, respectively, in agreement with the mean decrease of 45% observed for the canonical control gga-mir-21 (Fig. 3D).

On the other hand, the mdv1-mir-M6 and the gga-mir-6615 mirtron control were not affected by Drosha silencing (Fig. 3D). This result confirms that, by contrast to the three other miRNAs of the cluster, the expression of mdv1-mir-M6 does not depend on Drosha processing. To further support this result, the miniLAT-WT (splicing +) and miniLAT-5'SS mm (splicing -) were transfected in Microprocessor null cells (Fig. 3E), MEF KO-DGCR8. [START_REF] Wang | DGCR8 is essential for microRNA biogenesis and silencing of embryonic stem cell self-renewal[END_REF] We performed RT-qPCR on small RNAs to detect the viral miRNAs mdv1-miR-M8, -M6, -M7, -M10 and the murine cellular miRNAs controls: the canonical miRNA mmu-miR-21 and the mirtron mmu-miR-3547. [START_REF] Ladewig | Discovery of hundreds of mirtrons in mouse and human small RNA data[END_REF] As expected and unlike the mirtron mmu-miR-3547 control, the canonical viral mdv1-miR-M8, -M7 and the cellular mmu-miR-21 were not expressed in MEF KO-DGCR8 cells (Fig. 3E). The efficient expression of mdv1-miR-M6 in miniLAT-WT was drastically decreased in miniLAT-5'SS mm transfected MEF KO-DGCR8 cells (Fig. 3E). Finally, as mdv1-miR-M10 was expressed in the MEF KO-DGCR8 cells from both the miniLAT-WT and the miniLAT-5'SS mm (Fig. 3E), our data indicate that mdv1-mir-M6 and -M10 are expressed independently from DGCR8 and confirm that the expression of mdv1-mir-M6 as a 5'-tailed mirtron depends on splicing whereas that of mdv1-miR-M10 does not.

In addition and acknowledging the complex crosstalk between the spliceosome and the MPC, [START_REF] Kim | Processing of intronic microRNAs[END_REF][START_REF] Mattioli | Cross talk between spliceosome and microprocessor defines the fate of pre-mRNA[END_REF][START_REF] Kataoka | Functional association of the Microprocessor complex with the spliceosome[END_REF] we investigated whether the inhibition of mdv1-miR-M8-M10 cluster of miRNAs processing following Drosha silencing altered alternative splicing of the first intron of LAT lncRNA by performing RT-PCRs with A463/A89 on the large RNAs extracted from MSB-1-Sh(-) and -Sh(+) cells (Fig. 3F). Besides the two expected amplicons of 1725 and 230 bp corresponding to the unspliced and exons 2A/2B spliced LAT lncRNA, respectively (Fig. 3F), electrophoresis analysis of the MSB-1-Sh(+) RT-PCR showed a
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Exonisation of mdv1-miR-M7 in exonmiR decreases, but does not prevent its expression

Focusing on the detection of exonmiR spliced LAT lncRNA following sh-Drosha induction (Fig. 3F), we hypothesized that the processing of exonic mdv1-mir-M7 and -M10 by Drosha was responsible for exonmiR spliced LAT lncRNA destruction, as already described for exonic miRNAs and their host transcript. [START_REF] Curtis | Mirtrons, an emerging class of atypical miRNA[END_REF] To assess this hypothesis, we designed the miniLAT-E 1 E M , lacking the intron 1 sequence from its constitutive 5'SS to the 3'SS defining exonmiR and thus mimicking exon 1-exonmiR spliced transcripts (Fig. 4A). The miniLAT-WT and the miniLAT-E 1 E M were, then, transfected in DT-40 cells and semi-quantitative RT-PCRs of their transcripts relative expression showed comparable transcription levels for both minigenes (1/1.11) (Fig. 4B). As expected, exon 1-exon 2 RT-PCR performed on RNA extracts from DT-40 cells transfected with miniLAT-E 1 E M produced a unique amplicon corresponding to the expression of the mimicking exon 1-exonmiR spliced transcripts, consistent with the findings for the RT-control (Fig. 4C). Finally, the hypothesis was confirmed by the analysis of miRNA expression based on RT-qPCRs revealing that mdv1-mir-M7 and -M10 were effectively processed from exonmiR, but with a significantly lower level of expression (25% lower) for mdv1-mir-M7 with the miniLAT-E 1 E M than for miniLAT-WT (Fig. 4D).

Mdv1-mir-M7 negatively impacts exonmiR spliced LAT lncRNA expression

To further investigate the link observed between mdv1-mir-M7 processing and exonmiR spliced LAT lncRNA (Fig. 4D), we constructed miniLAT-∆7 lacking the pre-mdv1-mir-M7 sequence (Fig. 5A). We then performed RT-PCR on RNA extracts from DT-40 cells transfected with miniLAT-Δ7 and compared the amplicons obtained with those obtained with miniLAT-WT. The exon 1-exon 2 RT-PCR performed with primers A463/A89 on miniLAT-∆7 extracted RNA amplified four products of 230, 898, 1100 and 1643 bp (Fig. 5B). Three of them corresponded to the amplicons obtained with the miniLAT-WT (Fig. 2B): the exon 1-exon 2A/2B spliced transcripts (230 bp), the non-specific product (1100 bp) and the unspliced transcript deleted of the pre-mdv1-miR-M7 sequence (1643 bp), as confirmed by sequencing analyses. Interestingly, the fourth amplicon of 898 bp (Fig. 5C), not detected with the miniLAT-WT (Fig. 2B), corresponded to the exonmiR spliced transcript deleted of pre-mdv1-mir-M7

Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 10 sequence. We further estimated that exonmiR splicing detection was increased of 1.45 times with the miniLAT-∆7 in comparison with the miniLAT-WT by performing the exon 1-exonmiR (A463/M621) and the exon 1 (A463/A464) semi-quantitative RT-PCRs (Fig. 5C), in agreement with an equivalent transcript expression from both minigenes (1/0.98) (Fig. 5C). This increase in exonmiR spliced transcript observed indicates that the presence of the exonic mdv1-mir-M7 is damaging for exonmiR spliced transcript expression (Fig. 5C).

Furthermore, we assessed the effects of mdv1-mir-M7 deletion and more precisely of the increase of exonmiR alternative splicing on the three other miRNAs of the cluster by performing RT-qPCR on miRNAs from miniLAT-∆7 relative to those from miniLAT-WT (Fig. 5D). The RT-qPCR analysis showed no effect on the weakly expressed mdv1-mir-M10, whereas levels of mdv1-mir-M8 with miniLAT-∆7 were twice those with miniLAT-WT (Fig. 5D), suggesting that the alternative splicing of exonmiR had a direct positive impact on mdv1-mir-M8 biogenesis (Fig. 5D). Finally, as expected, the strongest impact was that on the relative expression of the 5'-tailed mirtron mdv1-mir-M6, with an associated 2.8-fold increase in expression correlated with the upregulation of exonmiR splicing.

DISCUSSION

Our results provide new insight into the interplay between alternative splicing and the differential biogenesis of miRNAs, with the first demonstration of the existence of a 5'-tailed mirtron within a compact intronic cluster of pre-miRNAs, mdv1-mir-M6. Its biogenesis is Drosha and DGCR8 independent (Fig. 3D andE), greatly decreased by the inhibition of splicing (Fig. 2), increased by the splicing of exonmiR (Fig. 5) and is associated with an effective 3'SS (CAG) present at the 3' end of mdv1-mir-M6 (Fig. 1). The first viral mirtron mdv1-mir-M6 is a 5'-tailed-mirtron with sequence properties in common with most of the mirtrons described in vertebrates. [START_REF] Ladewig | Discovery of hundreds of mirtrons in mouse and human small RNA data[END_REF][START_REF] Westholm | Mirtrons: microRNA biogenesis via splicing[END_REF] Indeed, in addition to the 3'SS, this new mdv1-mir-M6 mirtron sequence also includes a consensus branchpoint sequence in its loop and a polypyrimidine tract in mdv1-miR-M6-3P (Fig. 3A). [START_REF] Sibley | The biogenesis and characterization of mammalian microRNAs of mirtron origin[END_REF] However, whereas almost all the mirtrons described to date are processed from constitutively spliced introns, mdv1-mir-M6, like two previously described exceptions, the dme-mir-2494 and mmu-mir-6927 mirtrons, [START_REF] Ladewig | Discovery of hundreds of mirtrons in mouse and human small RNA data[END_REF][START_REF] Chung | Computational and experimental identification of mirtrons in Drosophila melanogaster and Caenorhabditis elegans[END_REF] is derived from an alternatively spliced intron.

One of the most interesting features of this novel mirtron is its position embedded in the middle of an intronic cluster of miRNAs. As the second miRNA of the mdv1-miR-M8-M10 cluster,

Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 11 mdv1-mir-M6 biogenesis plays an active role in the differential expression of the miRNAs of the cluster systematically observed in the various libraries. [START_REF] Burnside | Marek's disease virus encodes MicroRNAs that map to meq and the latency-associated transcript[END_REF][START_REF] Burnside | Emerging roles of chicken and viral microRNAs in avian disease[END_REF][START_REF] Morgan | Sequence conservation and differential expression of Marek's disease virus microRNAs[END_REF][START_REF] Stik | Small RNA cloning and sequencing strategy affects host and viral microRNA expression signatures[END_REF] Its splicing as a mirtron dispatches the first pre-miRNA of the cluster, mdv1-mir-M8, to the intron, whereas the last two pre-miRNAs, mdv1-mir-M7 and -M10, are maintained in the alternative exonmiR. We proposed a model in which complex crosstalk between Drosha and the spliceosome is involved in differential mdv1-miR-M8-M10 expression, according to alternative splicing of the host intron 1 (Fig. 6): alternative splicing of exonmiR responsible for the mirtron processing or alternative splicing of the larger intron 1 leading to exon 1exon 2A/B spliced transcript.

Based on exon 1-exonmiR alternative splicing and in accordance with intronic miRNA processing, [START_REF] Kim | Processing of intronic microRNAs[END_REF] we suggest that mdv1-mir-M8 is initially cropped by Drosha from the intron during splicing reaction from the constitutive 5'SS to the 3'SS of the mdv1-mir-M6 mirtron (Fig. 6A, Step I). Mdv1-mir-M6 is then released by the debranching of this lariat and the 5'-tail may then be digested by an unknown potential exonuclease, as previously suggested, [START_REF] Curtis | Mirtrons, an emerging class of atypical miRNA[END_REF] to generate the pre-miRNA hairpin of mdv1-mir-M6 (Fig. 6A,

Step I). The major consequence of mdv1-mir-M6 mirtron splicing is the exonisation of the two last miRNAs of the cluster, the patterns of expression of which are opposite to that of the exonmiR spliced LAT lncRNA (Fig. 345). In miniLAT-E 1 E M construct analysis (Fig. 5), we observed a co-existence of mdv1-miR-M7, -M10 and spliced LAT lncRNA, suggesting that part of the exonmiR spliced LAT lncRNA contains mdv1-miR-M7-M10 (Fig. 6A 1 , Step II), whereas the other part gives rise to these miRNAs being cropped by Drosha (Fig. 6A 2 , Step II). In MSB-1 cells and in minigenes analysis (Fig. 1B and2B), the exonmiR spliced LAT lncRNA harboring mdv1-miR-M7 and -M10 was hardly detectable but when mdv1-miR-M7 and -M10 processing is inhibited following Drosha silencing (Fig. 3B-D) and when mdv1-miR-M7 is deleted (Fig. 5), exonmiR spliced LAT lncRNA detection increased (Fig. 3E and5B). This suggests that the majority of exonmiR spliced LAT lncRNA undergoes degradation following mdv1-miR-M7 and -M10 processing by Drosha (Fig. 6A 2 , Step II), as described for transcripts harboring exonic miRNAs. [START_REF] Mattioli | Cross talk between spliceosome and microprocessor defines the fate of pre-mRNA[END_REF] On the other hand, based on alternative splicing of intron 1 generating exon 1-exon 2A/B LAT lncRNA spliced transcripts, we suggest that the four pre-miRNAs of the cluster are cropped by Drosha from the larger intron 1, including the pre-mdv1-mir-M6 mirtron (Fig. 6B). This hypothesis is supported by several observations. First, the inhibition of intron 1 splicing with miniLAT-5'SS mm was associated with a residual level of mdv1-mir-M6 expression of 30% (Fig. 2). It thus appears that about 70% of mdv1-

Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 12 mir-M6 is processed via the pathway involving exonmiR alternative splicing. Moreover, since the knockdown of Drosha was incomplete (Fig. 3B andC), we suggest that this mirtron can also follow the canonical pathway. In addition, a global analysis of miRNA deep sequencing data from MSB-1 cells revealed that a non-negligible part of the reads for the mdv1-miR-M6-3P sequence corresponded to 3'SS splicing of the mirtron (GAGAUCCCUGCGAAAUGACAG), and almost all the other reads ended with a uracil residue (GAGAUCCCUGCGAAAUGACAGU), as annotated in miRbase ((http://www.mirbase.org/). [START_REF] Stik | Small RNA cloning and sequencing strategy affects host and viral microRNA expression signatures[END_REF] This last uracil residue probably results from the classical 3'monouridylation generally observed for 5'-tailed mirtrons, [START_REF] Bortolamiol-Becet | Selective Suppression of the Splicing-Mediated MicroRNA Pathway by the Terminal Uridyltransferase Tailor[END_REF][START_REF] Reimao-Pinto | Uridylation of RNA Hairpins by Tailor Confines the Emergence of MicroRNAs in Drosophila[END_REF][32] but it may also be the signature from the genomic sequence of mdv1-mir-M6 cropping by Drosha, as confirmed by sequencing analyses of specific 5'RACE-PCR (Invitrogen) on non-capped RNAs from MSB-1 cells (data not shown).

Finally, whatever the pathway used for miRNA processing, our data indicate that differential expression of the mdv1-miR-M8-M10 cluster of miRNAs seems to be directly correlated with the alternative splicing of intron 1 of LAT lncRNA and strengthened by the temporal kinetics of the twostep processing pathway for miRNAs following mirtron splicing.

The differential expression of the miRNAs of the mdv1-miR-M8-M10 cluster is associated with spliceosome recruitment at alternative 3'SS, as observed for the hsa-miR-106b-25 intronic cluster of miRNAs. [START_REF] Agranat-Tamir | Interplay between pre-mRNA splicing and microRNA biogenesis within the supraspliceosome[END_REF] Interestingly, various 3'SS are used for LAT lncRNA intron 1 splicing, [START_REF] Strassheim | mdv1-miR-M7-5p, located in the newly identified first intron of the latency-associated transcript of Marek's disease virus, targets the immediate-early genes ICP4 and ICP27[END_REF] but only the newly discovered 3'SS defining exonmiR is included in the cluster sequence and operates via a mechanism in which splicing clearly plays an active part in regulating the expression of the miRNAs of the cluster and the host transcript. First, we observed that alternative splicing of exonmiR promoted expression of the canonical intronic mdv1-mir-M8, as observed when exonmiR splicing was enhanced with miniLAT-∆7 (Fig. 5C andD). As an isolated intronic and canonical miRNA, mdv1-mir-M8 in intron 1-exonmiR lariat may be more accessible to the MPC and, therefore, easier to process, than from the large intron containing the secondary structure of the whole cluster. Furthermore, we observed that exonmiR splicing was associated with a decrease in the expression of mdv1-mir-M7 but not -M10 and with the downregulation of the LAT lncRNA (Fig. 4). Indeed, alternative splicing of the mdv1-mir-M6 mirtron appears to be involved in host transcript regulation, as previously hypothesized for the dme-mir-2494 and mmu-mir-6927 alternative mirtrons. 26, 33 Moreover, fine-tuning of the regulation of mdv1-mir-M7

and LAT lncRNA is of the utmost importance for MDV-1 infection, because both play a key role in the latent cycle and the associated establishment of lymphomagenesis. [START_REF] Strassheim | mdv1-miR-M7-5p, located in the newly identified first intron of the latency-associated transcript of Marek's disease virus, targets the immediate-early genes ICP4 and ICP27[END_REF]34 By contrast to mdv1-mir-M8

Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 13 and -M7, we found that mdv1-mir-M10 expression was not altered by exonmiR alternative splicing event (Fig. 2E, 4D and 5D), although this exonic miRNA also takes part in the host transcript regulation (Fig. 4). Interestingly, we also observed that mdv1-mir-M10 expression was altered by Drosha silencing but it was correctly expressed in MEF KO-DGCR8 cells (Fig. 3E) suggesting that mdv1-mir-M10 could belong to the simtron family of miRNAs, described to be processed by Drosha independently from DGCR8 or the MPC. 35 Overall, our results reveal the existence of an interesting mechanism in which the alternative splicing of a mirtron present in a cluster is involved in the differential expression of miRNAs, because intronic mdv1-mir-M8 expression seems to be enhanced by mirtron biogenesis, whereas mdv1-mir-M7 and LAT lncRNA levels are downregulated and mdv1mir-M10 is not impacted by this alternative splicing event (Fig. 345).

The crosstalk between the spliceosome and the MPC has various consequences, not only for miRNA biogenesis, but also for the fate of the host pre-RNA. For instance, various studies have shown that assembly of the spliceosome at splicing sites improves intronic miRNA processing by the MPC, whereas the inhibition of splicing has no effect on miRNA biogenesis. [START_REF] Kim | Processing of intronic microRNAs[END_REF][START_REF] Mattioli | Cross talk between spliceosome and microprocessor defines the fate of pre-mRNA[END_REF][START_REF] Kataoka | Functional association of the Microprocessor complex with the spliceosome[END_REF] Consistent with these findings, the Drosha processing of mdv1-mir-M8, -M7 and -M10 was not affected by a lack of spliceosome recruitment for intron 1 splicing with the miniLAT-5'SS mm construct (Fig. 2B, C andE).

This result also indicates that, by contrast to the intronic hsa-mir-211, the expression of which was decreased by 5'SS invalidation, [START_REF] Janas | Feed-forward microprocessing and splicing activities at a microRNA-containing intron[END_REF] the processing of the canonical miRNAs of the LAT lncRNA by Drosha does not seem to be promoted by U1snRNP recognition of the 5'SS of intron 1.

In conclusion, in our herpesvirus model, we provide the first demonstration of the existence of a mirtron in the middle of a cluster of miRNAs. Many studies have demonstrated the complex influence of the MPC and the spliceosome on each other. Here, we describe an interesting new mechanism for this interplay, with the discovery of a 5'-tailed mirtron embedded in a compact cluster of miRNAs containing intronic, exonic, canonical or non-canonical miRNAs, produced by alternative splicing of a viral lncRNA. The biogenesis of this mirtron had differential effects on the three neighbouring miRNAs and on the host transcript.

MATERIALS AND METHODS

Cell lines
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The MSB-1 cell line is derived from a spleen lymphoma induced by a virulent strain of MDV-1. 36 It was maintained in RPMI-1640 medium (Lonza) supplemented with 1 mM sodium pyruvate, 10% foetal bovine serum, and 5% chicken serum. The DT-40 B-cell line, which is derived from an avian leukosis virus-induced lymphoma, was cultured in Dulbecco's modified Eagle's medium (Lonza) supplemented with serum, in a similar manner. The MEF KO-DGCR8 (Novus Biologicals) cell line was grown in DMEM-Hi glucose (Gibco) supplemented with L-glutamine and 10% foetal bovine serum.

Minigene design

The miniLAT-WT (pBS691 minigene) construct containing the LAT lncRNA sequence from its promoter to the fourth exon has been described elsewhere. [START_REF] Stik | A p53dependent promoter associated with polymorphic tandem repeats controls the expression of a viral transcript encoding clustered microRNAs[END_REF] We generated the mutated constructs miniLAT-5'SS m and miniLAT-5'SS mm , by amplifying the sequence of interest with mutated primers for the corresponding SS sequences, for direct PCR. For the miniLAT-E 1 E M construct, PCR was performed with overlapping primers designed to delete the intron 1 sequence from the constitutive 
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(CACTCTGGGTGTTTCTCTTGCAG) and the mmu-miR-6927-5P mirtron (GTGAGGGGATCCAGCCCAGGCT) were used as reference genes for the miniLATs Drosha-silencing and MEF KO-DGCR8 experiments, respectively. All q-PCRs were performed on the StepOnePlus™ Real-time PCR System (Applied Biosystems), in the conditions recommended by the manufacturer, and post-run dissociation curves were generated.

Drosha silencing in MSB-1 cells

A double-stranded sequence containing a shRNA directed against nucleotides 3119 to 3147 of the chicken Drosha gene (NM_001006379.1) was designed (GGTACCGCAAGCAAGCTCCGAGATCTGTATGAGAACCTGACCCATTCTCATACAGATCTCGGAG CTTGCTTGTTTTTCTCGAG; with the sh-seed in bold characters and the sh-loop underlined) and synthesised (Eurogentec) with a poly(T) transcription termination motif (bold italics) at the 3' end and KpnI and XhoI extensions (italics). After enzymatic digestion, the sh-Drosha insert was ligated into pcDNA™-4/TO (Invitrogen) digested with KpnI and XhoI to generate the pcDNA4/TO-shDrosha construct. The T-REx™ system (Invitrogen) was used according to the manufacturer's instructions, to generate stable MSB-1 cell lines with inducible expression of the shRNA against Drosha. MSB-1 cell lines expressing the Tet repressor were generated by transfecting 3 x 106 MSB-1 cells with 3 µg of the pcDNA6/TR plasmid in Nucleofector solution T (Lonza) by electroporation with Nucleofector® program X-001. The pcDNA6/TR-transformed MSB-1 cells were selected by positive resistance methods, with 7.5 μg/ml blasticidin (Invitrogen). The cells were then transfected with the pcDNA4/TO-shDrosha expression plasmid and selected in medium supplemented with 125 µg/ml ZeocinTM (Invitrogen). Two independent stable MSB-1 cell lines with tetracycline-inducible sh-Drosha expression, A and B, were established. In accordance with the manufacturer's instructions, cells were treated for six days with 1 µg/ml/24 h tetracycline, to inhibit the Tet repressor and allow the expression of sh-Drosha, or cultured in the same conditions but without tetracycline, as a control. The primers used for semi-quantitative RT-PCR analysis on the large RNAs extracted in sh-Drosha silencing experiments were A799/A780 (forward TCCCTGTCACGCTCCCTG; reverse GCGACGATCTCCGGAGAGGAGCA) for the Drosha mRNA and M450/M451 (forward TCCTCTCTGGCAAAGTCCAAG; reverse CACAACATACTCAGCACCTGC) for GAPDH mRNA amplifications. We then normalised Drosha mRNA levels with respect to GADPH mRNA levels, on the basis of signal intensity calculations with Adobe Photoshop 6 software. For western blot analyses of Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 17 sh-Drosha induction in MSB-1 cells, one million MSB-1 cells with (Sh+) and without (Sh-) the induction of sh-Drosha expression by the T-Rex system (Invitrogen) were treated with lysis buffer and proteins were separated by electrophoresis in 7.5% polyacrylamide gels containing SDS, as previously described (37). The bands were transferred to nitrocellulose membranes by capillary transfer and the membranes were incubated with blocking buffer (Odyssey). They were then probed with polyclonal rabbit anti-Drosha (Abcam ab85027, 1/100e) or mouse anti-GAPDH (Millipore, 1/2500e) primary antibodies, followed by monoclonal anti-rabbit and anti-mouse IRD-labelled secondary antibodies (Odyssey, 1/2500e). Immunoreactions were detected after excitation with light at wavelengths of 700 nm and 800 nm for anti-mouse and anti-rabbit antibodies, respectively. We then normalised Drosha protein levels with respect to GADPH protein levels.

Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12) Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 32 6. The two distinct pathways of mdv1-miR-M8-M10 cluster biogenesis according to intron 1 alternative splicing of the LAT lncRNA. Pathway (A) is a two-step processing pathway. In step I, with exon 1-exonmiR alternative splicing, mdv1-miR-M8 and mdv1-mirtron-M6 are processed by Drosha (black lightning) and splicing, respectively. In step II, mdv1-mir-M7 and -M10 are either maintained in functional LAT lncRNA spliced transcripts containing exonmiR (A 1 ) or processed by Drosha from exon 1-exonmiR spliced transcripts leading to destruction of the LAT lncRNA transcripts (A 2 ). In pathway B, which is a minor pathway for the mdv1-miR-M6 mirtron, the four pre-miRNAs of the cluster are cropped by Drosha, leading to expression of the miRNAs and the exon 1-exon 2 alternatively spliced LAT lncRNA transcripts.

5 '

 5 SS to the alternative 3'SS of the mdv1-miR-M6 mirtron defining exonmiR splicing, corresponding to the 142842 to 143586 region of the MDV-1 serotype RB-1B sequence (GenBank accession number RB-1B EF523390). For the miniLAT-∆7 construct, PCR was performed with an overlapping primer designed to delete the pre-mdv1-mir-M7 sequence corresponding to the 143702 to 143782 region of the RB-1B reference sequence. All plasmids were purified with the NucleoBond ® Xtra Midi kit (Macherey-Nagel), and the sequences of all inserts from each construct were systematically verified (GATC Biotech).Transfection and RNA extractionDT-40 lymphoblastoid cells were transfected with minigenes by electroporation with an Amaxa ® Biosystems Nucleofector ® machine (Lonza). Cell density was adjusted to 3 x 10 6 cells/100 μl of Nucleofector ® solution T (Lonza) containing 3 μg of minigenes. The cells were then electroporated in a 4-mm cuvette subjected to specific program B-023. Electroporated cells were recovered in 3 ml of complete medium and dispensed into a six-well plate. MEF cells were transfected with 1µg of minigene for 0.3X10 6 cells in P12 wells with Lipofectamine® 2000 (Invitrogen). They were harvested 48 hours after transfection for the extraction, in two different fractions, of small (<200 nts) and large (>200 nts) RNAs, which were treated by DNase, with a Nucleospin ® MiRNA kit (Macherey-Nagel), according to the manufacturer's instructions.Detection of spliced and unspliced transcriptsComment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13(12), 1310-1322. DOI : 10.1080/15476286.2016.1244600 15 We reverse-transcribed 4 µg of large RNAs with a mixture of oligo(dT) and random primers (Eurogentec) and the Superscript ® III reverse transcriptase (Invitrogen) at 55°C, to prevent any interference of the secondary structure with extension by the reverse transcriptase, as recommended by the manufacturer. DNase treatments of large RNAs were systematically confirmed by PCR analyses. A negative control for reverse transcription (RT-) was systematically carried out in the same conditions. The resulting cDNAs were amplified by PCR with the GoTaq ® DNA polymerase (Promega). The primers used for PCR to detect spliced and unspliced exon 1, exon 1-exon 2 or exon 1-exonmiR derived from miniLAT constructs or MSB-1 cells were as follows: A463 (exon 1 forward, CGCTACCCGTGCGTTTGGCACAAGTTT), A464 (exon 1 reverse, CCTCTCAACTAGTCCGAGAGACCTGCGGTA), M621 (exonmiR reverse, GTTCGCGGCTCTCTTGGCTAGA) and B139 (alternative exon 2 reverse, ACCTGGAACGACAATGATCTCCGGACCGAGAACACAGTGA). All PCR products were inserted into pGEM ® -T Easy (Promega) and the sequence of the corresponding inserts was verified (GATC Biotech). All sequences were analysed by comparison with the viral RB-1B sequence or the chicken genomic sequence, with Geneious software (www.geneious.com) and BLAST. The primers used for semi-quantitative RT-PCR analysis on the large RNAs extracted from DT-40 cells transfected with miniLATs were A463/A464 (exon 1) for the miniLATs expression and M450/M451 (forward TCCTCTCTGGCAAAGTCCAAG; reverse CACAACATACTCAGCACCTGC) for GAPDH mRNA amplifications. We then normalised miniLATs large RNA levels with respect to GADPH mRNA levels, on the basis of signal intensity calculations with Adobe Photoshop 6 software. Quantitative RT-PCRs of the mdv1-miR-M8-, mdv1-miR-M6-5P (TGTTGTTCCGTAGTGTTCTCG), mdv1-miR-M7-5P (TGTTATCTCGGGGAGATCCCGA), mdv1-miR-M10-5P (GCGTTGTCTCGTAGAGGTCCAG), gga-miR-21-5P (TAGCTTATCAGACTGATGTTGA) ,gga-miR-6615-5P mirtron (TTGGGGACACCATCAGAACAGCCA), and mmu-3547-3P mirtron (TGAGCACCACCCCTCTCTCAG) expression levels via the 2 -∆∆Ct method. We subjected 1 µg of small RNAs from minigene transfections and 100 ng of small RNAs from Drosha silencing and MEF KO-DGCR8 transfection experiments to reverse transcription in a total volume of 20 µl, and 2 µl of a 1:10 dilution was used for quantitative PCR, as recommended by the manufacturer (Applied Biosystems). The U6snRNA (miScript™; Qiagen) the gga-miR-6582-3P mirtron Comment citer ce document : Rasschaert, P., Figueroa, T., Dambrine, G., Rasschaert, D., Laurent, S. (2016). Alternative splicing of a viral mirtron differentially affects the expression of other microRNAs from its cluster and of the host transcript. RNA Biology, 13 (12), 1310-1322. DOI : 10.1080/15476286.2016.1244600

Figure 1 . 2 . 26 Figure 3 . 28 Figure 4 . 5 .

 122632845 Figure 1. Detection of a new 3'SS inside mdv1-miR-M8-M10 cluster defining exonmiR, a large alternative exon 2 of LAT lncRNA. (A) Schematic diagrams of the LAT lncRNA from its first to 15 th exon (grey boxes), containing the mdv1-miR-M8-M10 cluster of miRNAs in its first intron. Introns are represented by black lines. The primers used for RT-PCR analyses of large RNAs extracted from MSB-1 cells, naturally infected with MDV, are indicated by arrows. (B) Electrophoretic analyses of RT-PCR products obtained with A463/A89 with (RT+) or without (RT-) reverse transcriptase. Schematic diagrams of the unspliced (US) and spliced (S) transcripts are shown beside the corresponding amplicons. (C) Annotation of the exon 1 to exon 2 sequence of the LAT lncRNA. Exon 1 and 2 sequences are highlighted in dark grey and the alternative exonmiR is highlighted in light grey. Primers are underlined, mdv1-miR-M8-M10 miRNA sequences are framed and splicing sites (5'SS or
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