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Abstract
	[bookmark: OLE_LINK507][bookmark: OLE_LINK508][bookmark: OLE_LINK518][bookmark: OLE_LINK519]We propose the establishment of a novel genus, Innmovirus, including one novel species, Innmovirus hailarense, in the family Arenaviridae.


Text of proposal
		[bookmark: OLE_LINK505][bookmark: OLE_LINK506][bookmark: OLE_LINK346][bookmark: OLE_LINK347][bookmark: OLE_LINK356]Inner Mongolia sediment arena-like virus (IMSV), here renamed Hailar virus (HLRV), was discovered by high-throughput sequencing in river sediment samples collected from Hailar River (海拉尔河; Hǎilā'ěrhé) in Hailar District (海拉尔区; Hǎilā'ěrqū) of Hulunbuir (呼伦贝尔, Hūlúnbèi'ěr), Inner Mongolia Autonomous Region (内蒙古自治区; Nèiménggǔ zìzhìqū), China (1). The coding-complete genomic sequences were subsequently obtained by reverse transcription polymerase chain reaction (RT-PCR). Unlike most currently classified arenavirids, but similar to some fish arenavirids and other bunyavirals, HLRV has a tri-segmented genome with large (L; encoding an RNA-directed RNA polymerase-containing large protein L), medium (M; encoding a glycoprotein precursor GPC), and small (S; encoding a nucleoprotein NP) genomic segments. These sequences have been deposited into GenBank (MW896845–MW896847). Currently, there is no biological isolate of HLRV. 

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 taxonomic assessment of potentially novel arenavirids (2). Cut-off values for classifying arenavirids belonging to the same species using this tool are >80% and >76% nucleotide sequence identity in the S and L segment, respectively. Cut-off values 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 segment, respectively. Therefore, we performed PASC analyses to compare the HLRV genome to other arenavirids (Figure 1).

[bookmark: OLE_LINK352][bookmark: OLE_LINK353]The closest PASC hit for the L segment of HLRV is salmon pescarenavirus 1 (SPAV-1; Arenaviridae: Antennavirus), with a pairwise identity of 23.67% (i.e., <30%).

[bookmark: OLE_LINK509][bookmark: OLE_LINK510]In addition, due to the tri-segmented genome of HLRV, we compared both S and M segments against the S segments of all known bisegmented arenavirids. Results showed that HLRV had <11% and <23% nucleotide sequence identity in its M and S segments, respectively, when compared to those S segments.

[bookmark: OLE_LINK357][bookmark: OLE_LINK358][bookmark: OLE_LINK384][bookmark: OLE_LINK385][bookmark: OLE_LINK511][bookmark: OLE_LINK512][bookmark: OLE_LINK515][bookmark: OLE_LINK365][bookmark: OLE_LINK366][bookmark: OLE_LINK367][bookmark: OLE_LINK513][bookmark: OLE_LINK514]These results justify the creation of a novel genus (Innmovirus) including one novel species (Innmovirus hailaerense) for HLRV. The name of the new genus (Innmovirus) and its proposed species (Innmovirus hailaerense) are derived from the location where HLRV was found.

[bookmark: OLE_LINK370][bookmark: OLE_LINK371]To further confirm the taxonomic position of HLRV, maximum likelihood phylogenetic analyses inferred from alignments of the complete L and NP amino-acid sequences were estimated using IQ-TREE employing a best-fit model of amino acid substitution with 1000 bootstrap replicates and 1000 SH-like approximate likelihood ratio test (SH-aLRT) replicates. The trees were visualized using FigTree v1.4.4 (Figure 2).

[bookmark: OLE_LINK516][bookmark: OLE_LINK517]In both phylogenies, HLRV (Innmovirus hailaerense) formed a distinct evolutionary branch separate from the main arenavirid clades (antennaviruses, hartmaniviruses, reptarenaviruses, and mammarenaviruses), confirming the PASC results.





Supporting evidence
[bookmark: OLE_LINK368][bookmark: OLE_LINK369]Figure 1. PASC analyses for the L, M, and S segments of HLRV.

(a) L segment: MW896845
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(b) M segment: MW896846
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(c) S segment: MW896847
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Figure 2. Maximum likelihood phylogenetic trees based on complete L and NP amino-acid sequences. The trees were midpoint rooted and only bootstrap values ≥90% are shown.

(a) L
[image: ]



(b) NP
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4i|1726259600|gb|MK611981.1| unclassified Arenaviridae|Salmon pescarenavirus 2
4i|1726259602|gb|MK611982. 1| unclassified Arenaviridae|Salmon pescarenavirus 1
4i1527256692|gb|MH483032.1| Hartmanivirus|Zurich hartmanivirus|Veterinary Pathology Zurich virus 1
4i1527256683|gb|MH483025.1| Hartmanivirus|Schoolhouse hartmanivirus|Old schoolhouse virus 1
4i|1489086926|gb|MH778629.1| Hartmanivirus|Muikkunen hartmanivirus|Dante Muikkunen virus 1
4i1527256686|gb|MH483028.1| Hartmanivirus|Schoolhouse hartmanivirus|Old schoolhouse virus 1
0i|1694998454|ref|NC_043443.1| Hartmanivirus|Haartman hartmanivirus|Haartman Institute snake virus
4i[258489197|gb|F1607026.1| Mammarenavirus|Lymphocytic choriomeningitis mammarenavirus
4i|115383197|gb|DQB68484.1| Mammarenavirus|Lymphocytic choriomeningitis mammarenavirus
0i[695313529|gb|KM821817.1| Mammarenavirus|Lassa mammarenavirus
0i[695313147|gb|KM821772.1| Mammarenavirus|Lassa mammarenavirus

41238890540 ref|NC_012777.1| Mammarenavirus|Lujo mammarenavirus
4i[258489179|gb|F1607021.1| Mammarenavirus|Lymphocytic choriomeningitis mammarenavirus
4i[399125345|gb|IX017362.1| Mammarenavirus|Lujo mammarenavirus

4i[821492257|gb|KP071563.1| Reptarenavirus|unclassified Reptarenavirus|unidentified Reptarenavirus
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4i[50916222|gb|AY573923.1| Mammarenavirus|Pirital mammarenavirus

4i|115394826|gb|DQ865245.1| Mammarenavirus|Whitewater Arroyo mammarenavirus|Catarina virus
4i[159461059|gb|EU123330.1| Mammarenavirus|Whitewater Arroyo mammarenavirus|North American arenavirus
0i|1134943167|gb|KX527575.1| Reptarenavirus|Ordinary reptarenavirus|Tavallinen suomalainen mies virus
0i156753336|gb|EF619034.1] Mammarenavirus| Whitewater Arroyo mammarenavirus|Tonto creek virus
4i[401466636|gb|1Q717262.1| Reptarenavirus|California reptarenavirus|CAS virus
4i|1483576173|gb|MGB12658.1| Mammarenavirus|Lassa mammarenavirus

4i[821492888|gb|KP071530. 1| Reptarenavirus|unclassified Reptarenavirus|unidentified Reptarenavirus
4i|1483576140|gb|MGB12636.1| Mammarenavirus|Lassa mammarenavirus

0i[695313435|gb|KM821806.1| Mammarenavirus|Lassa mammarenavirus

0i|159461062|gb|EU123331.1| Mammarenavirus|Whitewater Arroyo mammarenavirus|North American arenavirus
0i[3426341|gb| AF081553.1| Mammarenavirus|Cali mammarenavirus

4i1529956452|gb|MK107910.1| Mammarenavirus|Lassa mammarenavirus

0i[695313418|gb|KM821804.1| Mammarenavirus|Lassa mammarenavirus

4i|1529971538|gb|MK117985.1| Mammarenavirus|Lassa mammarenavirus
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21.55% gi|407326374|dbj|AB693148.1| Mammarenavirus|Luna mammarenavirus
20.77% gi|297381012|gb|GU830839.1| Mammarenavirus|Lassa mammarenavirus
20.6%  gi|9294835|gb|AF181853.1| Mammarenavirus|Lassa mammarenavirus
20.47%  gi|49037398|gb|AY628207.1| Mammarenavirus|Lassa mammarenavirus

2
3
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5
6 20.36% gi|1527256300|gb|MH483031.1| Hartmanivirus|Zurich hartmanivirus|Veterinary Pathology Zurich virus 1
7 19.49% gi|821492888|gb|KP071530.1| Reptarenavirus|unclassified Reptarenavirus|unidentified Reptarenavirus

8 19.49% gi|821492893|gb|KP071532.1| Reptarenavirus|unclassified Reptarenavirus|unidentified Reptarenavirus

9 19.32% gi|1020216068|gb|KU978807.1| Mammarenavirus|Lassa mammarenavirus

0 19.32% gi|1527256288|gb|MH483026.1| Hartmanivirus|Muikkunen hartmanivirus|Dante Muikkunen virus 1

11 18.81% gi|1529956458|gb|MK107911.1] Mammarenavirus|Lessa mammarenavirus

12 18.81% gi|1529961264|gb|MK117852.1] Mammarenavirus|Lessa mammarenavirus

13 18.78% gi|159461062|gb|EU123331.1| Mammarenavirus|Whitewater Arroyo mammarenavirus|North American arenavirus
14 18.77% gi|1726259606|gb|MK611984.1] unclassified Arenaviridae|Salmon pescarenavirus 1

15 18.75% gi|821492881|gb|KP071528.1| Reptarenavirus|unclassified Reptarenavirus|unidentified Reptarenavirus
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MW896845 Innmovirus hailaerense
MT579885 Pygmy goby arenavirus FL15
MK611982 Salmon antennavirus
NC_040465 Hairy antennavirus
NC_040428 Striated antennavirus
MN567049 Setpatvet hartmanivirus
MN567062 Heimat hartmanivirus
NC_043443 Haartman hartmanivirus
NC_055441 Muikkunen hartmanivirus
NC_055444 Schoolhouse hartmanivirus
NC_055446 Zurich hartmanivirus
NC_018484 California reptarenavirus
NC_018482 Golden reptarenavirus
NC_023762 Rotterdam reptarenavirus
0NC?023765 Rotterdam reptarenavirus
NC_039008 Ordinary reptarenavirus
NC_039006 Giessen reptarenavirus
KY432892 Alxa mammarenavirus
NC_012777 Lujo mammarenavirus
NC_039011 Souris mammarenavirus
NC_018711 Lunk mammarenavirus

NC_039010 Ryukyu mammarenavirus

NC_004291 Lymphocytic choriomeningitis mammarenavirus

NC_023763 Merino Walk mammarenavirus
NC_027137 Okahandja mammarenavirus
MZ065536 Mammarenavirus bituense
NC_004297 Lassa mammarenavirus
NC_016153 Luna mammarenavirus
NC_013058 Morogoro virus

NC_006574 Mopeia mammarenavirus
NC_006572 Mopeia Lassa reassortant 29
NC_026247 Gairo mammarenavirus
NC_007904 Mobala mammarenavirus
MZ065540 Mammarenavirus kwanzaense
NC_027136 Mariental mammarenavirus
NC_007906 Ippy mammarenavirus
NC_038366 Solwezi mammarenavirus
MK935152 Kitale mammarenavirus
NC_038365 Loei River mammarenavirus
NC_026019 Wenzhou mammarenavirus
MF414201 Chevrier mammarenavirus
NC_004292 Tacaribe mammarenavirus
NC_005080 Argentinian mammarenavirus
NC_005079 Machupo mammarenavirus
NC_006313 Brazilian mammarenavirus
NC_010563 Chapare mammarenavirus
NC_040763 Planalto mammarenavirus
NC_005082 Guanarito mammarenavirus
NC_010251 Serra do Navio mammarenavirus
NC_010252 Cupixi mammarenavirus
NC_055440 Xapuri_mammarenavirus
NC_010250 Oliveros mammarenavirus
NC_010760 Latino mammarenavirus
NC_005897 Pirital mammarenavirus
NC_006439 Cali mammarenavirus
NC_010249 Allpahuayo mammarenavirus
NC_010761 Paraguayan mammarenavirus
NC_010759 Flexal mammarenavirus
NC_010255 Bear Canyon mammarenavirus
NC_010703 Whitewater Arroyo mammarenavirus

NC_010702 Tamiami mammarenavirus
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Unclassified arenavirid

Antennavirus

Hartmanivirus
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Mammarenavirus
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MW896847 Innmovirus hailaerense
MK611984 Salmon antennavirus
NC_040427 Striated antennavirus
NC_040464 Hairy antennavirus
MN567048 Setpatvet hartmanivirus
MN567061 Heimat hartmanivirus
NC_043444 Haartman hartmanivirus
NC_055443 Schoolhouse hartmanivirus
NC_055442 Muikkunen hartmanivirus
NC_055445 Zurich hartmanivirus
NC_018481 California reptarenavirus
NC_018483 Golden reptarenavirus
NC_039005 Giessen reptarenavirus
NC_039007 Ordinary reptarenavirus
NC_023761 Rotterdam reptarenavirus
NC_023766 Rotterdam reptarenavirus
NC_012776 Lujo mammarenavirus
NC_018710 Lunk mammarenavirus
NC_039009 Ryukyu mammarenavirus

NC_004294 Lymphocytic choriomeningitis mammarenavirus

NC_039012 Souris mammarenavirus
NC_023764 Merino Walk mammarenavirus
NC_027135 Okahandja mammarenavirus
MZ065537 Mammarenavirus bituense
NC_004296 Lassa mammarenavirus
NC_006573 Mopeia Lassa reassortant 29
NC_016152 Luna mammarenavirus
NC_013057 Morogoro virus

NC_006575 Mopeia mammarenavirus
NC_026246 Gairo mammarenavirus
NC_007903 Mobala mammarenavirus
MZ065541 Mammarenavirus kwanzaense
NC_027134 Mariental mammarenavirus
NC_007905 Ippy mammarenavirus
NC_038367 Solwezi mammarenavirus
MK935153 Kitale mammarenavirus
NC_038364 Loei River mammarenavirus
MF414202 Chevrier mammarenavirus
NC_026018 Wenzhou mammarenavirus
KY432893 Alxa mammarenavirus
NC_004293 Tacaribe mammarenavirus
NC_005081 Argentinian mammarenavirus
NC_005078 Machupo mammarenavirus
NC_005077 Guanarito mammarenavirus
NC_010247 Serra do Navio mammarenavirus
NC_010254 Cupixi mammarenavirus
NC_006317 Brazilian mammarenavirus
NC_010562 Chapare mammarenavirus
NC_040762 Planalto mammarenavirus
NC_010248 Oliveros mammarenavirus
NC_010758 Latino mammarenavirus
NC_055439 Xapuri mammarenavirus
NC_005894 Pirital mammarenavirus
NC_006447 Cali mammarenavirus
NC_010253 Allpahuayo mammarenavirus
NC_010756 Paraguayan mammarenavirus
NC_010757 Flexal mammarenavirus
NC_010256 Bear Canyon mammarenavirus

NC_010700 Whitewater Arroyo mammarenavirus

NC_010701 Tamiami mammarenavirus
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Innmovirus

Antennavirus

Hartmanivirus

Reptarenavirus

Mammarenavirus
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