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Part 2: PROPOSED TAXONOMY
	Haartman Institute snake virus (HISV) was discovered by next-generation sequencing (NGS) in a captive German boa constrictor (Boa constrictor) in Helsinki, Finland (snake #11 in Hetzel et al.). HISV was isolated in boid I/1K cells (Hetzel et al.) and its genome was completely sequenced and deposited into GenBank (Hepojoki et al. published and personal communication). After the initial report (Hepojoki et al.), a pure preparation of HISV (initially existing in a mixture with University of Helsinki virus 2 [UHV-2]) was produced and re-analyzed by NGS. Based on NGS and sequencing of the L and S segment termini, the HISV genome is complete in terms of ORF/coding regions (unpublished data/manuscript in preparation). The genomic termini of both L and S segments of HISV form “arenavirus-like” panhandles, suggesting that no additional ORFs exist (unpublished data/manuscript in preparation). Furthermore, since NGS of cell-culture produced virus did not provide evidence for existence of a third segment, HISV seems to lack a gene encoding the Z protein (unpublished data/manuscript in preparation). HISV can be grown in clean cell culture i.e. without co-infecting “helper” reptarenaviruses (unpublished data/manuscript in preparation). 

The ICTV Arenaviridae Study Group has recommended the use of the PAirwise Sequence Comparison (PASC) tool (https://www.ncbi.nlm.nih.gov/sutils/pasc/viridty.cgi?textpage=overview) for the assessment of novel arenaviruses (Radoshitzky et al.). Cut-off values chosen for classifying arenaviruses belonging to the same species using this tool are >80% and >76% nucleotide sequence identity in the S and L segments, respectively. Cut-off values chosen for classifying arenaviruses belonging to the same genus using this tool are >29-40% and >30-35% nucleotide sequence identity in the S and L segments, respectively. We therefore performed PASC on HISV. The closest PASC hit for the HISV L segment is Amaparí virus (Amapari mammarenavirus, GenBank AY924389.1) with 18.53% pairwise identity (i.e. less than 30-35%), thereby justifying the creation of a novel genus and species. 
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The closest PASC hit for the HISV S segment is Lassa virus (Lassa mammarenavirus, GenBank #AB627952.1) with 18.25% pairwise identity (i.e. less than 29-40%), confirming the need for a new mammarenavirus genus and species.
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To further confirm the taxonomic position of HISV, Bayesian phylogenetic analyses were inferred in BEAST2 employing 6 independent MCMC runs with a chain length of 50,000,000 generations using concatenated coding-complete arenavirus genomes (polymerase+glycoprotein+nucleocapsid). Tree and log files of independent runs of BEAST were combined using LogCombiner 2.4.5, employing a Burn-in period of 10%. The Markov chain Monte Carlo analyses were run until effective sample sizes above 200 were obtained. A consensus tree was built with TreeAnnotator 2.4.5 using the maximum clade credibility method and visualized in FigTree v1.4.0 (Figure 3).



[image: ]
Figure 3: Maximum clade credibility summary tree representations estimated from concatenated polymerase, glycoprotein and nucleocapsid amino acid sequences. Numbers next to selected nodes indicate the posterior support, which can be interpreted as the probability of the clade being true given the data, the model and the parameter priors. The tree is drawn to scale, with branch lengths expressed in the number of substitutions per site. Arenaviridae species are presented in blue, genera in purple, and putative new taxa in beige. The HISV branch is highlighted in red.

The establishment of a new genus is further substantiated by DEmARC analysis (version 1.0, Figure 4). Several PED thresholds (clustering cost of zero, CC=0 and monophyletic clustering under these thresholds in the Bayesian maximum clade credibility summary tree) were identified and represent clear thresholds for Arenaviridae species and genera delimitation (0.17 for species and 1.3 for genus).
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Figure 4: Intra-family genetic divergence using hierarchical clustering by DEmARC (version 1.0). Levels are defined by strict PED thresholds. The number of sequences in the identified clusters are shown in brackets. All identified clusters have a clustering cost of zero and correspond to monophyletic groups in the MCMC tree of Figure 3. Box-and-whisker graphs were used to plot distributions of distances between viruses from the same species (orange), and between viruses from different species but the same genus (blue). The boxes span from the first to the third quartile and include the median (bold line), and the whiskers (dashed lines) extend to the extreme values. The corresponding part of the PED distribution is shown below
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