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Part 4: APPENDIX: supporting material

The family Metaviridae has been established in 1998 for reverse-transcribing ssRNA viruses that have been found in all major eukaryotic taxa. The family originally included two genera, Metavirus and Errantivirus, typified by Saccharomyces cerevisiae Ty3 virus and Drosophila melanogaster gypsy virus, respectively (https://talk.ictvonline.org/ICTV/proposals/Ratification_1998.pdf). In 2004, a third genus, Semotivirus (typified by Ascaris lumbricoides Tas virus) was added to the family (https://talk.ictvonline.org/ICTV/proposals/2003.F187-190.Semotivirus.pdf). Viruses of the three genera have similar genome organization, with the gag gene encoding a structural polyprotein being followed by the pol gene encoding a polyprotein with protease, reverse transcriptase (RT), ribonuclease H, and the integrase (INT) domains (Eickbush and Jamburuthugoda, 2008). Some family members also possess env genes encoding surface proteins. A similar genome organization is also typical of members of the families Pseudoviridae and Retroviridae, even though in the case of pseudoviruses the INT domain is found upstream of the RT domain, whereas in metaviruses and retroviruses the INT domain is located downstream of the RT domain (Figure 1). Similar to retroviruses and pseudoviruses, metavirus genomes have long terminal repeats (LTR).

In phylogenies based on RT, the signature gene of reverse-transcribing viruses, semotiviruses are not monophyletic with errantiviruses and metaviruses. This has been recognized in the original proposal establishing the genus Semotivirus (https://talk.ictvonline.org/ICTV/proposals/2003.F187-190.Semotivirus.pdf). Due to similarities in the gene content and order of the functional domains of the Pol polyprotein, it was considered to be more appropriate at that time to include the genus Semotivirus in the family Metaviridae. However, such a placement does not pay justice to the distinct evolutionary history of semotiviruses and is at odds with the efforts of the ICTV to enforce phylogeny-guided classification practices.

Thus, we propose moving the genus Semotivirus into a separate new family “Belpaoviridae” (after viruses Bel and Pao, two representatives of the Semotivirus genus). Such a classification would be consistent with the one adopted for retrotransposons, in which semotiviruses are referred to as Bel/Pao elements and are typically considered as belonging to a family different from the Ty3/gypsy (Metaviridae) elements (Llorens et al., 2009). 

In addition, we propose to create 3 new species, namely Drosophila semotivirus Max, Antheraea semotivirus Tamy and Schistosoma semotivirus Sinbad, within the genus Semotivirus to accommodate Drosophila melanogaster Max virus, Antheraea mylitta Tamy virus and Schistosoma mansoni Sinbad virus, respectively. Figure 3 shows that in the RT-based phylogeny, the 3 viruses are nested among other semotiviruses and have similar genome organizations. In accordance with the established demarcation criteria for the genus Semotivirus (https://talk.ictvonline.org/ICTV/proposals/2003.F187-190.Semotivirus.pdf), viruses in the 3 new species have less than 50% identity in their Gag protein sequences compared to all other species (Figure 4). Furthermore, we propose to rename the species Fugu rubripes Suzu virus to Takifugu rubripes Suzu virus, to maintain consistency with the nomenclature of the host organism. We note that whereas family Metaviridae includes viruses infecting hosts from different branches of the eukaryotic tree, semotiviruses are exclusively associated with animal hosts (10 species are associated with invertebrates and one, Takifugu rubripes Suzu virus, with a vertebrate host).  
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Figure 1. Schematic genome maps of several groups of reverse-transcribing viruses. Long terminal repeats are depicted with blue rectangles. Abbreviations: CA, capsid; NC, nucleocapsid; MA, matrix protein; PR, protease; RT, reverse transcriptase; RH, ribonuclease H; INT, integrase; Env, envelope protein; Gag, group-specific antigen; Pol, polymerase; RSV, Rous sarcoma virus; MLV, murine leukemia virus. Note the distinct positions of the INT domain in pseudoviruses on the one hand and metaviruses, retroviruses, and semotiviruses, on the other hand. The genome maps are not drawn to scale and were downloaded from the Gypsy Database (Llorens et al., 2011).
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Figure 2. Maximum likelihood phylogenetic tree of reverse transcriptases representing different groups of reverse-transcribing viruses. The clade including members of the genus Semotivirus (currently within the family Metaviridae; proposed to be moved into the family Belpaoviridae) is shown in red, whereas the clade encompassing members of the genera Metavirus and Errantivirus (family Metaviridae) is shown in blue. RT sequences were aligned using MAFFT (Katoh and Standley, 2013). Non-informative positions were removed with trimAL using the gappyout option (Capella-Gutiérrez et al., 2009). Maximum likelihood analysis was performed using PhyML v3 (Guindon et al., 2010) with the best substitution model (LG+G+F) determined by the program (Lefort et al., 2017). The tree is rooted with RT sequences of bacterial group II introns and non-LTR retroelements. 
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Figure 3. Maximum likelihood phylogenetic tree of reverse transcriptases of semotiviruses. The clade is extracted from the phylogeny shown in Figure 2. The previously classified semotiviruses are colored blue, whereas the 3 new viruses are highlighted in red and their corresponding genome maps are shown on the right. N.B. Other putative semotiviruses (Mabel, Cer7, Spirobel, Tribel, Nabel, Cubel, Zebel, Kobel, and Purbel) could represent new species; however, the complete genome sequences of these viruses were not deposited to GenBank, precluding their official classification. By contrast, Gag polyprotein of Gabel shows 64% sequence identity to the Gag of Suzu and, according to the established demarcation criteria, would be included in the species Takifugu rubripes Suzu virus.
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Figure 4. Matrix of sequence similarities between the Gag proteins of semotiviruses. The figure was prepared using SDT v1.2 (Muhire et al., 2014).
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