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Complete sequence of an isolate of snake melon asteroid mosaic virus confirms that it is a member of a distinct sobemovirus species
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The virus characterized in this study (Su-95-67) was obtained from a naturally infected snake melon (Cucumis melo var. flexuosus) plant collected in December 1995 near Abou Rakham, Sudan [START_REF] Lecoq | Snake melon asteroid mosaic virus, a tentative new member of the genus Sobemovirus infecting cucurbits[END_REF]. The sample was stored as dried leaf material on calcium chloride. One mg dry material was used for total RNA extraction with PureLink Plant RNA reagent (Thermo Fisher Scientific, Waltham, NA). The total RNA sample resuspended in 20 μL nuclease-free distilled water (Invitrogen, France) was sent to Fasteris SA (Plan-les-Ouates, Switzerland) for small RNA library construction and deep sequencing. Library preparation was performed using the Illumina TruSeq® Small RNA Sample Prep Kit before Single-read, 1 x 50 bp Illumina HiSeq High-Output sequencing. Trimmed sequences (21-24 nt) were assembled de novo with CLC Genomics Workbench 7 (CLC Bio, Aarhus, Denmark) as described [START_REF] Verdin | Sequencing viral siRNAs to identify previously undescribed viruses and viroids in a panel of ornamental plant samples structured as a matrix of pools[END_REF]. Blastn and blastx searches were performed against GenBank. Five contigs presenting similarities with sobemoviruses were used as templates for iterative mapping of reads to contigs with Geneious 8.1.9 (Biomatters, New Zealand). To confirm sequences of low coverage areas, RT-PCR was performed with primers SMAMV-1360-F+SMAMV-1860-R (5'-GTTCTTGTGGAGGTTCCTCA-3' + 5'-GCCCTCATAAGCGGACCA-3' ; positions 1356-1866) and SMAMV-10-F+SMAMV-880-R (5'-AAGCCGACTAAGAATAGTTAGC-3' + 5'-CCACAGCCATATCACTATCGC-3' ; positions 7-885) ; amplified fragments were sent for Sanger sequencing to GenoScreen (Lille, France). No contig showed similarity to satellites associated with some sobemoviruses [START_REF] Truve | Sobemoviruses[END_REF][START_REF] Somera | Overview on Sobemoviruses and a Proposal for the Creation of the Family Sobemoviridae[END_REF]. To confirm the sequences of the 5' and 3' ends, RNA was extracted from purified virus [START_REF] Lecoq | Snake melon asteroid mosaic virus, a tentative new member of the genus Sobemovirus infecting cucurbits[END_REF] with TRI-reagent®. Extracted RNA was self-ligated (method 1) or ligated with a nonviral primer (method 2), using T4 RNA ligase (NEB, Ipswich, USA) before RT-PCR with specific primers SMAMV-140-R (5'-CAACTCAATCGATAATCTAATGGG-3') and SMAMV-4120-F (5'-GACTATTCAAGAATTGTCCGT-3'), 100 to 150 nt from the expected 5' and 3' ends respectively (method 1), and SMAMV-4120-F and a primer complementary to the nonviral primer (method 2). Amplified fragments were purified from agarose gel and sent to Sanger sequencing.

The sequence obtained was 4225 nt long (GenBank accession MT989351), similar to known sobemoviruses ( [START_REF] Truve | Sobemoviruses[END_REF][START_REF] Somera | Overview on Sobemoviruses and a Proposal for the Creation of the Family Sobemoviridae[END_REF] and Table 1). Sequence identity with sobemoviruses was below 50% (Table 1). The 5' end sequence was ACAAAA, the same as that for several sobemoviruses [START_REF] Somera | Overview on Sobemoviruses and a Proposal for the Creation of the Family Sobemoviridae[END_REF]. As in other sobemoviruses, an ACAAA motif was present at position 3382 in the genome and may constitute the start of a subgenomic RNA allowing the expression of the coat protein [START_REF] Somera | Overview on Sobemoviruses and a Proposal for the Creation of the Family Sobemoviridae[END_REF]. The 5' untranslated region was 120 nt long (44 to 99 nt for other sobemoviruses), and the 3' noncoding region was 85 nt long (44 to 283 nt for other sobemoviruses). Secondary structure prediction with RNAfold [START_REF] Mathews | Incorporating chemical modification constraints into a dynamic programming algorithm for prediction of RNA secondary structure[END_REF] did not reveal any specific structure for the noncoding regions (data not shown). SMAMV had a typical sobemovirus genetic organization, with five putative open reading frames (ORFs) [START_REF] Somera | Overview on Sobemoviruses and a Proposal for the Creation of the Family Sobemoviridae[END_REF][START_REF] Somera | Complete nucleotide sequence of Solanum nodiflorum mottle virus[END_REF]. In the 5' part of the genome, ORF1 (172 aa, 19.8kDa) and the putative ORFx (94 aa, 10.5 kDa) starting with a CTG codon [START_REF] Ling | An essential fifth coding ORF in the sobemoviruses[END_REF] had very low similarity with other viruses (Table 1). The conserved CxxC-(6-50)-CxxC putative zincfinger motif of sobemovirus P1 [START_REF] Somera | Overview on Sobemoviruses and a Proposal for the Creation of the Family Sobemoviridae[END_REF] was identified as CETC-(46)-CNHC in SMAMV. ORF2a (541 aa, 59.3 kDa) contained the putative transmembrane domain, serine protease and viral protein genome-linked (VPg). The consensus protease motif in sobemovirus P2a TxxGxsG was identified as TAPRWSG in SMAMV, and the WAG motif in the VPg [START_REF] Somera | Overview on Sobemoviruses and a Proposal for the Creation of the Family Sobemoviridae[END_REF] was modified to WSA. The large ORF2ab (966 aa, 108.6 kDa), as in other sobemoviruses, appears most likely expressed through a (-1) frameshift at a slippery sequence UUUAAAC followed by a stem-loop structure located seven nucleotides downstream [START_REF] Somera | Overview on Sobemoviruses and a Proposal for the Creation of the Family Sobemoviridae[END_REF].

ORF3 corresponds to the putative coat protein (251 aa, 27.8 kDa), probably expressed through a subgenomic RNA initiated at the internal motif ACAAA. The RdRp region (ORF2b) showed the highest aa identity with other sobemoviruses (Table 1), but that identity did not exceed 50%. Multiple nt sequence alignments were performed with MAFFT alignment software [START_REF] Katoh | MAFFT: a novel method for rapid multiple sequence alignment based on fast Fourier transform[END_REF]. Evidence for recombination explored with RDP, GeneConv, Chimaera, BootScan and SiScan included in RDP4 [START_REF] Martin | RDP4: Detection and analysis of recombination patterns in virus genomes[END_REF] did not reveal recombination for SMAMV. The best substitution method, estimated with MEGA6 [START_REF] Tamura | MEGA6: Molecular Evolutionary Genetics Analysis version 6.0[END_REF] for the aligned nt and aa sequences, was applied for maximum-likelihood tree reconstruction (Figure 1 and data not shown). In the complete nt sequence or in aa sequences, SMAMV did not appear particularly related to any other sobemovirus. Indeed, some sobemoviruses present host-related clustering, but the basal branches of the phylogenetic tree, where SMAMV attaches, are poorly resolved ([9] and Figure 1). Sobemovirus radiation is supposed to have taken place circa 3000 years ago [START_REF] Fargette | Diversification of Rice yellow mottle virus and related viruses spans the history of agriculture from the Neolithic to the Present[END_REF]. At that time, watermelon had already been cultivated in Sudan for nearly 2000 years [START_REF] Chomicki | Origin and domestication of Cucurbitaceae crops: insights from phylogenies, genomics and archaeology[END_REF].

The criteria for sobemovirus species demarcation are nt sequence identity below 75%, host range, and serological relatedness [START_REF] Truve | Sobemoviruses[END_REF]. SMAMV host range is different from other sobemoviruses [START_REF] Lecoq | Snake melon asteroid mosaic virus, a tentative new member of the genus Sobemovirus infecting cucurbits[END_REF], and its fulllength sequence shares less than 50% identity with other viruses. It can thus be considered as a distinct sobemovirus species. SMAMV has a narrow host range -in experimental conditions, it infected only melon and watermelon [START_REF] Lecoq | Snake melon asteroid mosaic virus, a tentative new member of the genus Sobemovirus infecting cucurbits[END_REF]-and has been found only in Sudan, but due to its seed transmissibility [START_REF] Lecoq | Snake melon asteroid mosaic virus, a tentative new member of the genus Sobemovirus infecting cucurbits[END_REF],

it is important to avoid its accidental spread through germplasm exchanges. 
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