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Three of the polythetic criteria for orthoreovirus species demarcation are percent sequence identity, 5’-terminal sequences on the genomic (+)RNA strand that are conserved in all 10 genome segments among viruses of a species but differ among viruses of different species, and phylogenetic relationships of their hosts (Duncan, 1999; Duncan et al., 2004). ICTV guidelines for species differentiation in the more diverged outer capsid clamp protein is >55% amino acid identity between isolates within a species and <35% identity among isolates of different species. For the more conserved core particle clamp protein, guidelines for amino acid identities among viruses within a species are >85% and among viruses of different species are <65%. 

A new species of bat reovirus:
As originally proposed by Thalmann et al. (2010), an orthoreovirus isolate from little red flying foxes (Pteropus scapulatus) found in Broome, Australia, fulfills the criteria as a representative of new species. Broome reovirus (BrRV) outer capsid clamp protein shares <27% amino acid identity with the homologous protein from orthoreoviruses of other species (Table 1A), including other reoviruses isolated from fruit bats. The conserved core clamp protein shares <35% amino acid identity with most other orthoreoviruses but shares 40-42% amino acid identity with viruses belonging to the species Reptilian orthoreovirus and Mahlapitsi orthoreovirus (Table 1B). These values fall in the “grey zone”, slightly above the lower demarcation guideline of <35% but well below the upper demarcation guideline of >55%. BrRV also has a 5’-pentanucelotide sequence (Table 2) conserved in all 10 of its genome segments that is distinct from the conserved terminal sequences in all other species. These features define BrRV as a representative of new species, Broome orthoreovirus, that is most closely related to viruses of the species Reptilian orthoreovirus and Mahlapitsi orthoreovirus (Figures 1 and 2).

A new species of reptilian reovirus:
The above polythetic criteria support designation of a recent chelonian orthoreovirus isolate (“CH1197/96”) obtained from a spur-thighed tortoise (Testudo graeca), as a representative of a new species. Currently recognized virus isolates belonging to the species Reptilian orthoreovirus were all obtained from hosts in the order Squamata (snakes, iguanas, lizards). The tortoise isolate (Kugler et al., 2016) is the first reptilian orthoreovirus isolated from a host in the order Testudines (turtles and tortoises). In addition to distinct hosts, the squamate and testudine reovirus isolates have distinct 5’-terminal sequences (Table 2). The chelonian orthoreovirus isolate outer capsid clamp protein shares 45% amino acid identity with the homologous protein from squamate virus isolates belonging to the species Reptilian orthoreovirus (Table 1A), in between the 35% and 55% demarcation guidelines. In comparison, outer capsid clamp protein identities between waterfowl and landfowl virus isolates classified in the Avian orthoreovirus range from 61-70% (Table 1A), the most diversity observed within an orthoreovirus species. The conserved core clamp protein of the chelonian orthoreovirus isolate shares 69% amino acid identity with the homologous protein from squamate virus isolates belonging to the species Reptilian orthoreovirus (Table 1B), slightly above the 65% lower demarcation guideline for a different species but well below the 85% guideline for the same species. In comparison, sequence identities in this conserved core protein for virus isolates belonging to species Avian orthoreovirus from waterfowl and landfowl exceed 90% (Table 1B). None of the other core proteins of the chelonian orthoreovirus isolate exceeds the 85% demarcation point when compared to squamate isolates, although three of these proteins approach this demarcation point with 80-81% amino acid identity (Kugler et al., 2016). Unique 5’-terminal conserved sequences, isolation from hosts in distinct phylogenetic clades, and sequence identities that fall below intra-species guidelines all support designation of the chelonian orthoreovirus as a representative of a new species, Testudine orthoreovirus, that is distinct from the squamate virus isolates belonging to the species Reptilian orthoreovirus. 


A new species of avian reovirus with three isolates:
All currently recognized virus isolates classified in the species Avian orthoreovirus were obtained from domesticated waterfowl and landfowl (Galloanserae). The above polythetic criteria support designation of three isolates from Neoaves (wild birds) as distinct virus isolates of a new species. These isolates were obtained from a hooded crow (Corvus corone cornix) (Huhtamo et al., 2007), from various psittaciformes (parrots, parakeets) (de Kloet, 2008), and from a brown eared bulbul (Hypsipetes amaurotis) (Ogasawara et al., 2015). The isolates all share the same 5’-terminal heptanucleotide sequence (GCUUUUC) that differs in the seventh position (GCUUUUU) from the galloanseran virus isolates of Avian orthoreovirus (Table 2). Amino acid identities in their outer capsid clamp protein are 55-56% between these isolates, but only 37-39% when compared to the homologous protein from virus isolates classified in species Avian orthoreovirus (Table 1A). For the more conserved core clamp protein, amino acid identities are 97% between the bulbul and psittaciforme isolates but only 58-60% when compared to virus isolates belonging to species Avian orthoreovirus (Table 1B). However, the crow isolate shares only 65% identity to the other two neoavian isolates, similar to the 65-67% identity with the outer capsid clamp proteins virus isolates belonging to species Avian orthoreovirus and Nelson Bay orthoreovirus (Table 1B). As previously shown (Ogasawara et al., 2015), based on nucleotide phylograms generated using the neighbour-joining method, the neoavian isolates form a monophyletic clade distinct from the Avian orthoreovirus clade in 7 of the 8 genome segments encoding structural proteins, the exception being the genome segment encoding the core capsid clamp protein. The same situation applies in phylograms generated by the maximum likelihood method using amino acid sequence similarities; the outer clamp proteins of neoavian isolates are monophyletic whereas the core clamp proteins are paraphyletic (Figures 1 and 2). These results imply lateral gene transfer by reassortment of the core clamp protein genome segment between galloanseran and neoavian isolates occurred after these viruses diverged from each other. Based on their 5’-terminal sequences, isolation from hosts in distinct phylogenetic clades, and amino acid identities in the majority of their structural proteins, the neoavian isolates are proposed to be representatives of a new species of avian orthoreoviruses, Neoavian orthoreovirus, that is distinct from species Avian orthoreovirus comprising virus isolates from galloanseran hosts.

[image: ]Virus abbreviations: ARVG, avian reovirus galloanseran isolates (isolate from: ch, chicken; tu, turkey; md, Muscovy duck; go, goose; -X indicates isolate identifier); ARVN, avian reovirus neoavian isolates (co, corvid isolate; hy, bulbul isolate; ps, psittacine isolate); BRV, Baboon reovirus; BrRV, Broome reovirus; MaRV, Mahlapitsi reovirus; MRV, Mammalian reovirus (number indicates serotype); NBV, Nelson Bay reovirus; PRV, piscine reovirus; RRVS, reptilian reovirus Squamata isolate; RRVT, reptilian reovirus testudine isolate aka chelonian orthoreovirus. Red text in Table 1 indicates isolates from tentative new species.
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Table 1: Percent amino acid identity matrices for the orthoreovirus outer capsid and core clamp proteins

A. Orthoreovirus Outer Clamp Protein Percent Identity Matrix
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Orthoreovirus Core Clamp Protein Percent Identity Matrix
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Table 2: Conserved 5’-terminal (+)RNA sequences present in all 10 genome segments of an
orthoreovirus species

Recognized and Proposed Orthoreovirus species

MRV 57 —GCUA

PRV 57 —GAUAR
BRV 57 ~GUAAAUUU
ARV 57 —GCUUUUU
*NRYV 57 —GCUUUUC
NBV 57 —GCUUUA
MaRV 57 —-GGUCA
BrRV 57 —~GUCAR
RRVS 5’ -GUUAUUUU
RRVT 57 -GUUC

*Neoaves reovirus (ARVN) isolates
ARVNco 57 -GCUUUUC
ARVNpy 57 -GCUUUUC
ARVNps 57 -GCUUUUC
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Figure 1: Orthoreavirus outer clamp protein
550 ‘maimum likelihood phylogram
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