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	Taxon name 
	Etymology of the term
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	Abstract of Taxonomy Proposal: 


	
Description of current taxonomy:       
Currently, the Orthoreovirus genus comprises 10 species, and its members infect only vertebrate hosts.

Proposed taxonomic change(s):     
We propose the creation of a new species in the Orthoreovirus genus (Reovirales: Spinareoviridae) based on the sequencing of two recent phocid orthoreovirus 1 (PhRV1) isolates from marine mammals. We suggest the name “Orthoreovirus marinarum” in line with the new binomial species naming guidelines.

Demarcation criteria for new taxon/taxa:
“Orthoreovirus marinarum” complies with the following species demarcation criteria within the genus Orthoreovirus: 
· Extensive sequence identity between the proteins encoded by homologous genome segments (for most conserved core proteins, >85% amino acid sequence identity within a species versus <65% identity between species; for most of the more divergent outer capsid proteins, >55% identity within a species and <35% between species). Viruses of the ten species of orthoreovirus represent evolutionarily distinct lineages, as illustrated by phylogenetic analysis using the amino acid sequences of the outer-clamp protein, for which the greatest number of sequences from diverse isolates is available.
· Extensive sequence identity between homologous genome segments (for most genome segments, >75% nucleotide sequence identity within a species versus <60% between species).
· Identification of host species and disease signs

Justification:
The assembled PhRV1 genomes meet the demarcation criteria for the creation of a new species, based on the evidence outlined in this proposal.
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Description of current taxonomy:       
Currently, the Orthoreovirus genus comprises 10 species, and its members infect only vertebrate hosts.

Proposed taxonomic change(s):     
We propose the creation of a new species in the Orthoreovirus genus (Reovirales: Spinareoviridae) based on two complete genomes from recently sequenced viral isolates identified in marine mammals; phocid orthoreovirus 1 (PhRV1) strain PhRV1/Phoca vitulina/USA/2007-2008, isolated from a harbor seal (GenBank accessions MN820529-MN820538, as described in a previous publication [1]) and PhRV1 strain PhRV1/Enhydra lutris/USA/2015/EL1562, isolated from a sea otter (GenBank accessions PV591111- PV591120, as described in a previous publication [2]). We suggest the name “Orthoreovirus marinarum” in line with the new binomial species naming guidelines.

Demarcation criteria for new taxon/taxa:
“Orthoreovirus marinarum” complies with the following species demarcation criteria within the genus Orthoreovirus: 
· Extensive sequence identity between the proteins encoded by homologous genome segments (for most conserved core proteins, >85% amino acid sequence identity within a species versus <65% identity between species; for most of the more divergent outer capsid proteins, >55% identity within a species and <35% between species). orthoreovirus species of represent evolutionarily distinct lineages, as illustrated by phylogenetic analysis using the amino acid sequences of the outer-clamp protein, for which the greatest number of sequences from diverse isolates is available.
· Extensive sequence identity between homologous genome segments (for most genome segments, >75% nucleotide sequence identity within a species versus <60% between species).
· Identification of host species and disease signs.

Justification:
The assembled PhRV1 genomes have the typical Orthoreovirus structure with ten genome segments: three long (L1-L3; ~3.8-3.9 kbp) encoding λ proteins, three medium (M1-M3; ~2.2-2.3 kbp) encoding µ proteins, and four short (S1-S4; 0.9-1.6 kbp) encoding σ proteins (Figure 1). The PhRV1 isolates outlined here satisfy ICTV species demarcation criteria based on the following evidence:

Amino acid sequence identity
A BLASTN homology search of PhRV1 strain PhRV1/Phoca vitulina/USA/2007-2008 (GenBank accessions MN820529-MN820538) was used to identify the closest matches (excluding the other PhRV1 sequence) for each of the ten segments individually. Segment S1 generated no BLASTN matches for both isolates; therefore, we used a BLASTX search to identify the closest matches. Subsequent pairwise alignments showed amino acid identities ranging from 22.7% to 75.8% (Table 1). A similar analysis of PhRV1 strain PhRV1/Enhydra lutris/USA/2015/EL1562 (GenBank accessions PV591111- PV591120) showed amino acid identity values ranging from 26.2% to 76.1% (Table 1). 

Based on the pairwise alignment results described above, both PhRV1 isolates showed identical trends in terms of which proteins fell below ICTV amino acid identity cut-off values for species demarcation. Of the five core proteins, three (λ2, μ2, σ2) had amino acid identity values below the 65% cutoff designated for a new species. The two remaining core proteins (λ1, λ3) were below the 85% cut-off designated for members of the same species. 

For the outer capsid proteins, 1 protein (σ1) was below the 35% cut-off for species demarcation, 1 protein (μ1) was above the 55% cut-off for members of the same species, and 1 protein (σ3) had an amino acid identity falling between the two cut-off values. The σ1 proteins had identity values of 22.7% and 26.2%, μ1 had 58.4% and 58.6%, and σ3 had 39.9% and 40.2% for the Phoca vitulina and Enhydra lutris-derived isolates, respectively. Of all the proteins, σ1 showed the lowest degree of amino acid identity to the closest publicly available hit from NCBI.

To assess amino acid identity between the two PhRV1 isolates, we performed pairwise alignment of all ten segments, resulting in identity values ranging from 34.3% to 99.3%. The σ1 gene showed the lowest degree of identity, with only 34.3% amino acid identity. All other segments showed ≥79.9% amino acid identity, indicating that these two isolates are likely members of the proposed new species based on current criteria.

Phylogenetic analysis of outer clamp protein (σ3) amino acid sequence
Phylogenetic analysis of the outer clamp protein (σ3) amino acid sequences described in a previous publication [2]. Based on this analysis, the PhRV1 sequences formed a distinct monophyletic clade, separate from the established mammalian orthoreoviruses (Figure 2).

Nucleotide sequence identity
A BLASTN homology search of PhRV1 strain PhRV1/Phoca vitulina/USA/2007-2008 was used to identify the closest matches (excluding the other PhRV1 sequence) for each of the ten segments individually. Segment S1 generated no BLASTN matches for both isolates; therefore, a BLASTX search was used to identify the closest matches. Subsequent pairwise alignments showed nucleotide identities ranging from 39.4% to 68.9% (Table 1). A similar analysis performed on PhRV1 strain PhRV1/Enhydra lutris/USA/2015/EL1562 showed nucleotide identity values ranging from 41.1% to 69.1% (Table 1). 

Based on the pairwise alignment results described above, both PhRV1 isolates showed identical trends in terms of which proteins fell below ICTV nucleotide identity cut-off values for species demarcation. Of the ten total segments, seven were below the 60% nucleotide identity cut-off for species demarcation. The L2 proteins had identity values of 53.8% and 54.4%, M1 had 42.6% and 44.2%, M2 had 58.1% and 57.8%, M3 had 54.4% and 53.5%, S1 had 39.4% and 41.1%, S3 had 56.4% and 55.0%, and S4 had 50.4% and 51.4% % for the Phoca vitulina and Enhydra lutris-derived isolates, respectively. The remaining three segments had nucleotide identity values above the cut-off for new species but below the 75% pairwise nucleotide identity cut-off listed for members of the same species. The L1 protein had identity values of 66.3% and 65.9%, L3 had 68.9% and 69.1%, and S2 had 61.3% and 61.6%, for the Phoca vitulina and Enhydra lutris-derived isolates, respectively.

Unique ecological niche as evidenced by differences in hosts
The isolation of these orthoreoviruses from hosts representing a distinct marine ecological niche, relative to those previously described, further supports their classification as a new species.
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Table 1. 
Pairwise identity values compared to the top BLAST hit for each segment in each of the isolates described. Species demarcation guidelines for each segment are listed with highlight as indicated below to indicate whether values fall above or below the various cut-offs. The S1 segment containing the σ1 protein is the most divergent of all segments or proteins and is underlined and highlighted in yellow for emphasis.

	Core Proteins
	
	
	
	
	

	Cut-off Criteria (nucleotide): >75% identity within a species (gray highlighting)
                                                 <60% identity between species (green highlighting)
Cut-off Criteria (amino acid): >85% identity within a species (gray highlighting) 
                                                  <65% identity between species (green highlighting)


	
	
	Harbor Seal (Phoca vitulina)
(Accessions MN820529-MN820538)
	Sea Otter (Enhydra lutris)
(Accessions PV591111- PV591120)

	Segment
	Protein
	Top BLAST hit (Accession)
	nt %ID
	aa %ID
	Top BLAST hit (Accession)
	nt %ID
	aa %ID

	
	
	
	
	
	
	
	

	L1
	λ3
	LC482238.1
	66.3%
	72.1%
	MW652775.1
	65.9%
	71.7%

	L2
	λ2
	OR074543.1
	53.8%
	50.1%
	KM087106.1
	54.4%
	51.9%

	L3
	λ1
	PQ442202.1
	68.9%
	75.8%
	PQ442202.1
	69.1%
	76.1%

	M1
	μ2
	MN233059.1
	42.6%
	35.4%
	MN233059.1
	44.2%
	42.2%

	S2
	σ2
	L19775.1
	61.3%
	64.2%
	DQ664190.1
	61.6%
	63.7%

	
	
	
	
	
	
	
	

	Outer Capsid Proteins
	
	
	
	

	Cut-off Criteria (nucleotide): >75% identity within a species (gray highlighting)
                                                 <60% identity between species (green highlighting)
Cut-off Criteria (amino acid): >55% identity within a species (gray highlighting) 
                                                  <35% identity between species (green highlighting)


	
	
	Harbor Seal (Phoca vitulina)
(Accessions MN820529-MN820538)
	Sea Otter (Enhydra lutris)
(Accessions PV591111- PV591120)

	Segment
	Protein
	Top BLAST hit (Accession)
	nt %ID
	aa %ID
	Top BLAST hit (Accession)
	nt %ID
	aa %ID

	
	
	
	
	
	
	
	

	M2
	μ1
	JX204742.1
	58.1%
	58.4%
	MN233052.1
	57.8%
	58.6%

	S1
	σ1
	MW929752.1
	39.4%
	22.7%
	PV855989.1
	41.1%
	26.2%

	S4
	σ3
	JX486066.1
	50.4%
	39.9%
	JX486066.1
	51.4%
	40.2%

	
	
	
	
	
	
	
	

	Other Proteins
	
	
	
	

	Cut-off Criteria (nucleotide): >75% identity within a species (gray highlighting)
                                                 <60% identity between species (green highlighting)
Cut-off Criteria (amino acid): n/a


	
	
	Harbor Seal (Phoca vitulina)
(Accessions MN820529-MN820538)
	Sea Otter (Enhydra lutris)
(Accessions PV591111- PV591120)

	Segment
	Protein
	Top BLAST hit (Accession)
	nt %ID
	aa %ID
	Top BLAST hit (Accession)
	nt %ID
	aa %ID

	
	
	
	
	
	
	
	

	M3
	μNS
	MT151669.1
	54.4%
	50.5%
	OP963629.1
	53.5%
	50.4%

	S3
	σNS
	PZ005674.1
	56.4%
	50.8%
	PQ768063.1
	55.0%
	51.4%





Figure 1.
Genome organization and segment configuration of sea otter Orthoreovirus. The line graph above each segment represents sequencing fold coverage in the area of the corresponding gene segment in log(10) scale. The scale bar at the bottom represent the total length of nucleotides present for each segment. Arrows indicate sequence within the predicted coding sequence present in each segment, while black lines indicate any potential sequence within 5’ and 3’ non-coding regions.
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Figure 2.
Phylogenetic typing of σ3 amino acid sequences from sea otter isolates. Maximum likelihood phylogenetic tree of representative strains from representative orthoreovirus species. The tree was constructed based on the amino acid sequence alignment of the outer clamp protein for each indicated strain. Novel sequences belonging to the proposed new species are indicated in bold with yellow highlights. Phylogenetic analysis was performed using IQ-TREE and visualized with iTOL, using piscine orthoreovirus NOR2012 V3621 as the outgroup. The scale bar represents the estimated average number of aa substitutions per site. GenBank accessions numbers for each sequence used are indicated.
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AY444910 - Avian orthoreovirus turkey TX99
AF004856 - Avian orthoreovirus 176

JX145336 - Goose orthoreovirus 03G

JX478268 - Muscovy duck reovirus J18

AF059722 - Nelson bay orthoreovirus

JF811583 - Pteropine orthoreovirus Sikamat/MYS/2010
AY357733 - Pulau orthoreovirus

KF692097 - Corvid orthoreovirus

AB914768 - Pycnonotidae orthoreovirus
HM222972 - Sea Lion orthoreovirus

EU189201 - Psittaciform orthoreovirus
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