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Abstract
	
A search in the NCBI GenBank revealed approx. 50 new viruses complete or near-complete sequences belonging to the viruses which tentatively belong to the genus Polerovirus. Analysis of their host range data and comparison of their most conserved RNA-directed RNA polymerases (RdRPs) aa sequences confirms that 47 viruses can be recognized as the novel species in the genus Polerovirus.

The growing number of sequenced genomes is providing a basis to set and specify the numeric values for the species demarcation criteria. We propose the following sequence-based changes to complement the existing rules:

· Differences in amino acid sequence identity of RdRPs of greater than 10%;
· Differences in nucleotide sequence identity of genomes around or greater than 25%



Text of proposal
		
Poleroviruses are a genetically diverse group of viruses that share several distinct characteristics: 
· transmission by aphids in a persistent circulative and non-propagative manner, being highly dependent on interactions between the virus and the aphid vector;
· phloem-limited spread in the plant, lack of mechanical transmission;
· a high degree of vector specificity;
· close serological relationships between most members;
· virions are isometric, 25 to 30 nm in size;
· their genome is a single-stranded (ss) positive-sense RNA molecule of approximately 5.6 to 6.2 kb with a small genome-linked protein (VPg) covalently attached to the 5′ end of the genomic RNA (Fig. 1);
· ORF0 encodes a viral suppressor protein;
· ORF1 encodes a polyprotein that is proteolytically processed to several domains, including a serine protease and a VPg;
· ORF2 encodes a viral RdRP;
· ORF3a encodes a systemic movement protein and is translated via recognition of non-AUG initiation codon (because of that, it is annotated rather rarely);
· ORF3 encodes a viral capsid protein (CP);
· ORF4 is encoded within ORF3 in an alternate reading frame, and it encodes a viral movement protein;
· ORF5 encodes a read-through domain protein (RTD) via suppression of ORF3 stop codon, functioning as a viral phloem-limiting movement protein, and an aphid-transmission factor;
· additional ORFs can exist but not in all poleroviral genomes;
· polerovirus genomes are prone to recombination, therefore, many species are risen via modular evolution.
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Fig.1. Typical genome organization of polerovirus genome.


The current list of poleroviruses includes twenty-nine species. The availability of high-throughput sequencing technologies has accelerated the discovery of new species during the last decade. Our search in the NCBI GenBank database has revealed additional tentative species that could be belonging to the genus Polerovirus but are not yet recognized by the ICTV. Most of these new viruses considered in this proposal have the complete or near-complete genomes sequenced, and these genomes show a genome organization characteristic of poleroviruses.

The species demarcation criteria for the genus Polerovirus are the following:

•	Differences in breadth and specificity of host range;
•	Failure of cross-protection in either one-way or two-way relationships;
•	Differences in serological specificity with discriminatory polyclonal or monoclonal antibodies;
•	Differences in amino acid sequence identity of any gene product of greater than 10%.

Given herein below, we have reviewed the descriptions of the tentative new species and aligned the nucleotide sequences of genomes and amino acid sequences of their RNA-directed RNA polymerases (RdRPs; encoded by the most conserved ORF) translated from ORF2 starting with a ribosomal frameshift site to evaluate their consistency to be accepted as the new species in the genus Polerovirus. The heatmaps on identity percentages generated from these alignments can be found in the section of Supporting Evidence (Table 1 and Table 2).

The descriptions of these new species candidates are given as follows:

African eggplant yellowing virus (AeYV) was identified from African eggplant (Solanum aethiopicum) samples from Bamako, Mali in 2009 using HTS. Assembled genome (KX856972) is composed of 5953 nt, and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Afouda et al 2017). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (81%) of AeYV to tentative new species, pepper whitefly borne vein yellow virus (PeWBVYV; MK333461). Thus, the recognition of AeYV as a member of Polerovirus AEYV is consistent with the species demarcation criteria in the genus Polerovirus.
Allium polerovirus (APVA) was identified from elephant garlic (Allium ampeloprasum) samples from an experimental area in the municipality of Rio do Sul, State of Santa Catarina, Brazil in 2021 using HTS. The sequence is missing a genome 3´-end, encoding the readthrough protein. Partially assembled genome (ON565072) is composed of 4367 nt, and in that part, it has a genome organization characteristic of poleroviruses (Santos et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (67.8%) of APVA to turnip yellows virus. Thus, the recognition of APVE as a member of Polerovirus APVE is consistent with the species demarcation criteria in the genus Polerovirus.
Artemisia virus B (ArtVB) was identified from Japanese mugwort (Artemisia princeps) samples from Buyeo-gun county, Chungcheongnam-do (South Korea) in 2016 using HTS. Assembled genome (MT757161) is composed of 6141 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Igori et al 2021). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (57%) of ArtVB to a tentative new polerovirus, white clover mottle virus. Thus, the recognition of ArtVB as a member of Polerovirus ARTVB is consistent with the species demarcation criteria in the genus Polerovirus.
Barleria polerovirus 1 (BPV1) was identified from a native plant Barleria cristata (family Acanthaceae) samples from South Africa in 2019 using HTS. Assembled genome (MW251502) is composed of 6096 nt, and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Read et al 2021). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (64%) of BPV1 to turnip yellows virus. Thus, the recognition of BPV1 as a member of Polerovirus BPV is consistent with the species demarcation criteria in the genus Polerovirus.
Barley virus G (BVG) was first identified from barley (Hordeum vulgare) samples from Gimje, South Korea in 2015 using HTS. Assembled genome (KT962089) is composed of 5620 nt, and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Zhao et al 2016). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (90%) of BVG to maize yellow mosaic virus, being on the borderline of species demarcation criteria. The recognition of BVG as a member of Polerovirus BVG is consistent with the species demarcation criteria in the genus Polerovirus.
[bookmark: _Hlk138232154]Beet leaf yellowing virus (BLYV) was sequenced from sugar beet (Beta vulgaris) samples from Naganuma, Hokkaido (Japan) in 2015 using HTS. Assembled genome (LC428351) is composed of 5668 nt, and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Yoshida and Tamada 2019). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (92.1%) of BLYV to beet western yellows virus (BWYV), exceeding the borderline value (at least 10% of diversity) of species demarcation criteria.
However, the studies of the Japanese isolates of BWYV and the BLYV-type isolates found in Japan indicate the differences in their host range. Naturally, BWYV-JP was found in spinach and radish, and BLYV isolates were found in sugar beet. Laboratory tests showed that sugar beet and its relatives are highly susceptible to BLYV, whereas they are less susceptible to BWYV-JP (similar to BEYV-USA). Moreover, the overall host range of BLYV was much more limited than that of BWYV-JP: BLYV infected 28 species in seven families; in addition to those, an additional 30 species from 12 families were susceptible to BWYV (but not to BLYV) (Yoshida and Tamada 2019). Therefore, we find it justified to distinguish BWYV and BLYV, and recognize the BLYV as a member of Polerovirus BLYV in the genus Polerovirus.
Cardamom polerovirus (CdPV) was identified from public transcriptome of small cardamom (Elettaria cardamomum) samples from Kerala, India using HTS. Assembled genome (BK013145) is composed of 5869 nt, and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Kavi Sidharthan et al 2021). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (62%) of CdPV to a tentative new polerovirus, tobacco polerovirus 1. Thus, the recognition of CdPV isolate as a member of Polerovirus CdPV is consistent with the species demarcation criteria in the genus Polerovirus.
Cassava polerovirus (CsPV) was identified from cassava (Manihot esculenta) samples from south/central and northern regions of Colombia collected between 1980 and 2012, and analyzed by using HTS. Partial genome (KC505249) was assembled for the isolate CM5460-10 from Valle de Cauca (collected in year 1989), composed of 2990 nt. Although the assembled sequence does not encompass the P0 or RTD region (at the 5´ and 3´end, respectively), the phylogenetic analysis of aa sequence of the P1–P2 confirmed that this cassava virus is evolutionarily closer to members of the genus Polerovirus than to any others (Carvajal-Yepes et al 2014). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (56.1%) of CsPV to a tentative new polerovirus, Barleria polerovirus 1. Thus, the recognition of CsPV isolate as a member of Polerovirus CSPV is consistent with the species demarcation criteria in Polerovirus.
Chickpea leafroll virus (CpLRV) was identified from chickpea (Cicer arietinum) cultivar Blanoro samples from Celaya, Guanajuato (Mexico) in 2015 using HTS. Assembled genome (ON555767) is composed of 5770 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Chiquito-Almanza et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (77.6%) of CpLRV to chickpea chlorotic stunt virus. Thus, the recognition of CpLRV as a member of Polerovirus CPLRV is consistent with the species demarcation criteria in the genus Polerovirus.
Cnidium polerovirus 1 (CnPV1) was identified from Cnidium officinale (family Apiaceae) samples from Yeongyang-gun, South Korea in 2021, using HTS. Assembled genome (OP067680) is composed of 6090 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Park et al 2023). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (58.6%) of CnPV1 to a new tentative polerovirus, Trachyspermum ammi polerovirus. Thus, the recognition of CnPV1 as a member of Polerovirus CNPV is consistent with the species demarcation criteria in the genus Polerovirus.
Cotton bunchy top virus 1 (CBTV1) and cotton bunchy top virus 2 (CBTV2) were isolated and sequenced from cotton (Gossypium hirsutum) samples collected from Queensland, Australia in 2012 using HTS. Assembled genome of CBTV1 (MT966040) is composed of 5896 nt, and assembled genome of CBTV2 is composed of 5854 nt. The genome ends were not verified. Both viruses have a genome organization characteristic of poleroviruses. The genomes of the two CBTV species are more closely related to each other (77% of identity), than to other poleroviruses. Proteins encoded by CBTV1 and CBTV2 have greater than 10% diversity, being in accordance with the species demarcation criteria in the genus Polerovirus. CBTV1 and CBTV2 are spreading in Australia, vectored by the cotton aphid Aphis gossypii like another polerovirus, cotton leafroll dwarf virus, that is an economically significant problem in cotton in Brazil and Argentina (Sharman et al 2021). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (84.6%) between CBTV1 and CBTV2. The highest identity between the RdRPd of CBTV1 and CBTV2 with other polerovirus RdRPs is seen for a tentative new polerovirus, luffa aphid borne yellows virus (75.3% and 76.3%, respectively). Thus, the recognition of CBTV1 and CBTV2 as the members of Polerovirus CBTV1 and Polerovirus CBTV2, respectively, is consistent with the species demarcation criteria in the genus Polerovirus.
Cowpea polerovirus 1 (CPPV1) and cowpea polerovirus 2 (CPPV2) were identified and sequenced from cowpea (Vigna unguiculata) samples collected from Burkina Faso in 2013 using Sanger sequencing combined with RACE. Assembled genome of CPPV1 (KY364846) is composed of 5845 nt and the genome of CPPV2 (KY364847) is composed of 5945 nt. Both viruses have a genome organization characteristic of poleroviruses (Palanga et al 2019). Sequence alignment of their RdRPs reveals 55.7% of identity. MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (60.4%) of CPPV1 to turnip yellows virus, and the highest identity percentage (85.4%) of CPPV1 to a tentative new polerovirus, soybean chlorotic leafroll virus. Thus, the recognition of CPPV1 and CPPV2 as the members of Polerovirus CPPV1 and Polerovirus CPPV2, respectively, is consistent with the species demarcation criteria in the genus Polerovirus.
[bookmark: _Hlk138146192]Dregea volubilis polerovirus 1 (DVPV1) was identified from Dregea volubilis (family Apocynaceae) samples from China in 2019 using HTS. Assembled genome (MZ965076) is composed of 6149 nt and has a genome organization characteristic of poleroviruses (Li et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (56.7%) of DVPV1 to a tentative new polerovirus, Plantago asiatica virus A. Thus, the recognition of DVPV1 as a member of Polerovirus DVPV is consistent with the species demarcation criteria in the genus Polerovirus.
Foeniculum vulgare polerovirus (FVPV) was identified from a transcriptome dataset of fennel (Foeniculum vulgare) samples originating from Italy, sequenced in 2016 (Palumbo 2018). Two contigs covering the genome with a small gap in the beginning of ORF5 were assembled. The longer contig (BK059375) is composed of 4288 nt, and the shorter contig (BK059376) is composed of 1352 nt. The genome ends were not verified. Despite of this, it seems that FvPV has a genome organization characteristic of poleroviruses (Kavi Sidharthan et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (59%) of FVPV to turnip yellows virus. Thus, the recognition of FVPV as a member of Polerovirus FVPV is consistent with the species demarcation criteria in the genus Polerovirus.
Grapevine polerovirus 1 (GPoV1) was identified from grapevine (Vitis vinifera) cv. 'Kishmish Chjornyj' samples from Akitsu, Hiroshima (Japan) in 2018 using HTS. Originally, this grapevine cultivar was originally imported into NARO from Saint Petersburg, Russia in 1967. Assembled genome (LC507098) is composed of 5625 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Chiaki and Ito 2020). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (58.8%) of GPoV1 to turnip yellows virus. Thus, the recognition of GPoV1 as a member of Polerovirus GPOV is consistent with the species demarcation criteria in the genus Polerovirus.
Hemisteptia virus A (HemVA) was identified from Hemisteptia lyrata (Asteraceae) samples from Daejeon, South Korea in 2016 using HTS. The genome ends were verified by RACE. Assembled genome (ON416859) is composed of 6122 nt and has a genome organization characteristic of poleroviruses (Igori et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (57.6%) of HemVA to carrot red leaf virus. Thus, the recognition of HemVA as a member of Polerovirus HEMVA is consistent with the species demarcation criteria in the genus Polerovirus. 
Kalanchoe marnieriana polerovirus (KMPV) was identified from a transcriptome dataset of a succulent Kalanchoe marnieriana samples originating from the greenhouse of the Research Institute of Subtropical Forestry at Fuyang, Zhejiang (China) sequenced in 2020 (Hu et al 2021). Assembled genome (BK059371) is composed of 5654 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Kavi Sidharthan et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (73.1%) of KMPV to turnip yellows virus. Thus, the recognition of KMPV as a member of Polerovirus KMPV is consistent with the species demarcation criteria in the genus Polerovirus.
Luffa aphid-borne yellows virus (LABYV) was isolated and sequenced from Luffa acutangula samples from Kanchanaburi, Thailand collected in 2010, using primer walking. Assembled genome (KF427701) is composed of 5961 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Knierim et al 2014). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (76.3%) of LABYV to a tentative new polerovirus, cotton bunchy top virus 1. Thus, the recognition of LAYBV as a member of Polerovirus LAYBV is consistent with the species demarcation criteria in the genus Polerovirus.
Mallotus japonicus virus A (MjVA) was identified from Mallotus japonicus samples from Chiba, Japan in 2020 using HTS. Assembled genome (OP122168) is composed of 6217 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Choi et al 2023). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (59.1%) of MjVA to a tentative new polerovirus, Plantago asiatica virus A. Thus, the recognition of MjVA as a member of Polerovirus MJVA is consistent with the species demarcation criteria in the genus Polerovirus.
Miscanthus yellow fleck virus (MYFV) was identified from Chinese silvergrass (Miscanthus sinensis) from South Korea in 2017 using HTS. Assembled genome (MT520166) is composed of 5861 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Bolus et al 2020). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (77.9%) of MYFV to sugarcane yellow leaf virus. Thus, the recognition of MYFV as a member of Polerovirus MYFV is consistent with the species demarcation criteria in the genus Polerovirus.
Ornithogalum virus 5 (OrMV5) was identified from chincherinchee (Ornithogalum thyrsoides) samples from South Africa in 2017 using Sanger sequencing combined with RACE. Assembled genome (MN204612) is composed of 5855 nt and has a genome organization characteristic of poleroviruses (Mostert et al 2020). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (60.7%) of OrMV5 to turnip yellows virus. Thus, the recognition of OrMV5 as a member of Polerovirus ORMV is consistent with the species demarcation criteria in the genus Polerovirus.
Panicum distortion mosaic virus (PDMV) was identified from proso millet (Panicum miliaceum) samples from Uiseong, South Korea in 2015 using HTS. Assembled genome (LC424839) is composed of 5808 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Min et al 2017). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (68.9%) of PDMV to wheat yellow dwarf virus GPV. Thus, the recognition of PDMV as a member of Polerovirus PDMV is consistent with the species demarcation criteria in the genus Polerovirus.
Paspalum notatum polerovirus (PNPV) was identified from a transcriptome dataset of samples originating from Paspalum notatum, a laboratory model species for apomixis studies grown at the IICAR - CONICET Rosario in Argentina, sequenced in 2020 (Podio et al 2021). Assembled genome (BK059372) is composed of 5561 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Kavi Sidharthan et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (91%) of PNPV to maize yellow dwarf virus RMV. Thus, the recognition of PNPV as a member of Polerovirus PNPV is consistent with the species demarcation criteria in the genus Polerovirus.
Pepper leafroll chlorosis virus (PeLRCV) was identified from bell pepper Capsicum annuum samples from Riyadh region, Saudi Arabia in 2014 using Sanger sequencing. Assembled genome (LT220496) is composed of 5496 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Kamran et al 2018). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (94.1%) of PeLRCV to a tentative new polerovirus, pepper whitefly borne yellows virus. Such identity percentage is higher than expected for the species demarcation in the the genus Polerovirus. However, there exist a group of six already recognized pepper vein yellows viruses which have recognized as the members of different species sharing about 95% of identity between their RdRP but showing recombinant origin and/or different areal. PeLRCV exhibit high sequence identity to other pepper-infecting poleroviruses in the 5′ part of the genome but it has a unique ORF5 sequence. PeLRCV has a broader host range than the other pepper poleroviruses, for example, it can infect Cucumis melo. Thus, we suggest the recognition of PeLRCV as a member of Polerovirus PELRCV in the genus Polerovirus.
Pepper whitefly borne vein yellow virus (PeWBVYV) was identified from bell pepper samples from Israel in 2017 using Sanger sequencing. Assembled genome (MK333461) is composed of 5925 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE. Unusual for poleroviruses, the whitefly MEAM1 (Bemisia tabaci) was discovered as a vector of PeWBVYV (Ghosh et al 2019). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (94.1%) of PeWBVYV to a tentative new polerovirus, pepper leafroll chlorosis virus discovered from Saudi Arabia. Such identity percentage is higher than expected for the species demarcation in the genus Polerovirus. However, PeWBVYV is having a very unique vector for a polerovirus, therefore, it should be recognized as a separate species Polerovirus PEWBVYV in the genus Polerovirus.
Persimmon polerovirus (PPoV) was identified from Japanese persimmon (Diospyros kaki) cv. ‘Reigyoku’ samples from in 2013 using HTS. Assembled genome (LC488188) is composed of 5559 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Ito and Sato 2020). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (61.7%) of PPoV to a tentative new polerovirus, Plantago asiatica virus A. Thus, the recognition of PPoV as a member of Polerovirus PPOV is consistent with the species demarcation criteria in the genus Polerovirus.
Phasey bean mild yellows virus (PBMYV) was identified from chickpea (Cicer arietinum) samples from Liverpool Plains, New South Wales (Australia) collected in 2012 using HTS. Assembled genome (KT962999) is composed of 5851 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified. The additional isolates were also revealed from subterranean clover (Trifolium subterraneum) phasey bean (Macroptilium lathyroides) (Sharman et al 2016). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (83.9%) of PBMYV to a tentative new polerovirus, cowpea polerovirus 2. Thus, the recognition of PBMYV as a member of Polerovirus PBYMV is consistent with the species demarcation criteria in the genus Polerovirus.
Piper methysticum polerovirus (PMPV) was identified from a transcriptome dataset of samples originating from kava (Piper methysticum) root samples at Whitehead Institute of Biomedical Research, Massachusetts (USA), sequenced in 2013 (Pluskal et al 2019). Assembled genome (BK059373) is composed of 5744 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Kavi Sidharthan et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (59.8%) of PMPV to a tentative new polerovirus, cotton bunchy top virus 1. Thus, the recognition of PMPV as a member of Polerovirus PMPV is consistent with the species demarcation criteria in the genus Polerovirus.
Plantago asiatica virus A (PlAVA) was identified from Plantago asiatica samples from South Korea in 2019 using HTS. The genome ends were verified by RACE. Assembled genome (MZ571143) is composed of 5819 nt and has a genome organization characteristic of poleroviruses (Igori et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (68.5%) of PlAVA to cotton bunchy top virus 2. Thus, the recognition of PlAVA as a member of Polerovirus PLAVA is consistent with the species demarcation criteria in the genus Polerovirus.
Pod pepper vein yellows virus (PPeVYV) was identified from pod pepper (Capsicum frutescens) growing in Wenshan city, Yunnan province (China) in 2019 using HTS. Assembled genome (MT188667) is composed of 6015 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Zhao et al 2021). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (95%) of PPeVYV to pepper vein yellows virus 5. Such identity percentage is higher than expected for the species demarcation in the the genus Polerovirus. However, there exist a group of six already recognized pepper vein yellows viruses which have recognized as the members of different species, sharing about 95% of identity between their RdRPs but showing recombinant origin and/or different areal. Indeed, the 5′ half of the PoPeVYV genome shares high identity with PeVYV-3 but the 3′ half is much more distant from PeVYV-3 but is more homologous with that of tobacco vein distorting virus. Thus, we suggest the recognition of PPeVYV as a member of Polerovirus PPeVYV in the genus Polerovirus.
Pterostylis polerovirus (PtPV) was identified from native Pterostylis nutans (family Orchidaceae) samples from Black Mountain Lookout, Australian Capital Territory (Australia) in 2020 using HTS. Assembled genome (OL471344) is composed of 5757 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Chao et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (60.7%) of PtPV to a new tentative polerovirus, tobacco polerovirus 1. Thus, the recognition of PtPV as a member of Polerovirus PTPV is consistent with the species demarcation criteria in the genus Polerovirus.
Sauropus yellowing virus (SaYV) was identified from Sauropus androgynus (Phyllanthaceae) samples from Nakhon Pathom province, Thailand in 2009 using HTS. Assembled genome (KJ885302) is composed of 5820 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Knierim et al 2015). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (59.3%) of SaYV to turnip yellows virus. Thus, the recognition of SaYV as a member of Polerovirus SAYV is consistent with the species demarcation criteria in the genus Polerovirus.
Siratro latent polerovirus (SLPV) was identified from a tropical herbaceous legume siratro (Macroptilium atropurpureum) samples from Queensland, Australia in 2016 using HTS. The genome ends were not verified. Assembled genome (MK482114) is composed of 6090 nt. SLPV has a genome organization characteristic of poleroviruses, except it lacks a functional ORF0 start codon that is possibly replaced with near-cognate start codon (Filardo and Sharman 2019). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (83.2%) of SLPV to a tentative new polerovirus, cowpea polerovirus 2. Thus, the recognition of SLPV as a member of Polerovirus SLPV is consistent with the species demarcation criteria in the genus Polerovirus.
Soybean chlorotic leafroll virus (SbCLRV) was identified from soybean (Glycine max) samples from Guizhou, China in 2021 using HTS. Assembled genome (OM507197) is composed of 5822 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Xu et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (85.4%) of SbCLRV to a new tentative polerovirus, cowpea polerovirus 2. Thus, the recognition of SbCLRV as a member of Polerovirus SBCLRV is consistent with the species demarcation criteria in the genus Polerovirus.
Strawberry polerovirus 1 (SPV1) was identified from strawberry (Fragaria x ananassa) samples from Canada in 2013 using HTS. Assembled genome (KM233705) is composed of 5986 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Xiang et al 2015). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (58%) of SPV1 to a tentative new polerovirus, cotton bunchy top virus 2. Thus, the recognition of SPV1 as a member of Polerovirus SPV is consistent with the species demarcation criteria in the genus Polerovirus.
Stellaria aquatica virus B (StAVB) was identified from Stellaria aquatica (syn. Myosoton aquaticum, family Caryophyllaceae) samples from South Korea in 2021 using HTS. Assembled genome (OP389993) is composed of 5900 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Gudeta et al 2023). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (66.3%) of StAVB to a new tentative polerovirus, Kalanchoe marnieriana polerovirus. Thus, the recognition of StAVB as a member of Polerovirus STAVB is consistent with the species demarcation criteria in the genus Polerovirus.
Tobacco polerovirus 1 (TPV1) and tobacco polerovirus 2 (TPV2) were identified from the field samples of Nicotiana tabacum from Baoshan, Yunnan (China) in 2017 using HTS. Assembled genome of TPV1 (MW579552) is composed of 5722 nt, and the genome of TPV2 (MW579554) is composed of 5907 nt. The genome ends were verified by RACE. Both viruses have a genome organization characteristic of poleroviruses (Tan et al 2021). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (75.3%) of TPV1 to potato leafroll virus, and the highest identity percentage (82.4%) of TPV2 to a tentative new polerovirus, pod pepper vein yellows virus. Alignment of the RdRP sequences of TPV1 and TPV2 indicates 58.2% of identity with each other. Thus, the recognition of TPV1 and TPV2 as the members of Polerovirus TPV1 and Polerovirus TPV2, respectively, is consistent with the species demarcation criteria in the genus Polerovirus.
Tobacco yellow virus (TYV) was identified from Nicotiana tabacum samples from Shadong, China in 2017 using HTS. Assembled genome (MK751486) is composed of 5735 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE. TYV can be transmitted by the aphid Myzus persicae (Liu et al 2020). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (97.7%) of TYV to a tentative new polerovirus, tobacco polerovirus 1, indicating that TYV should be considered as an isolate of TPV1.
Tobacco virus 2 (TV2) was identified from the field samples of Nicotiana tabacum cv. Yunyan 87 from Anhui, China in 2013 using HTS. Assembled genome (KY038943) is composed of 5979 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Zhou et al 2017). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (97.4%) of TV2 to tobacco polerovirus 1, indicating that TV2 should be considered as an isolate of TPV1.
Torilis crimson leaf virus (TCLV) was identified from hedge parsley (Torilis arvensis subsp. arvensis) samples from Greece in 2008. Assembled genome (LT615235) is composed of 5756 nt and has a genome organization characteristic of poleroviruses (Lotos 2020). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (78.5%) of TCLV to carrot red leaf virus. Thus, the recognition of TCLV as a member of Polerovirus TCLV is consistent with the species demarcation criteria in the genus Polerovirus.
Trachyspermum ammi polerovirus (TAPV) was identified from a transcriptome dataset of samples originating from ajowan (Trachyspermum ammi) samples collected from Iran, sequenced in 2017 (Soltani Howyzeh et al 2018). Assembled genome (BK059374) is composed of 5704 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Kavi Sidharthan et al 2022). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (79.1%) of TAPV to carrot red leaf virus. Thus, the recognition of TAPV as a member of Polerovirus TAPV is consistent with the species demarcation criteria in the genus Polerovirus.
Triticum yellow stripe virus (TriYSV) was identified from wheat (Triticum aestivum) samples from Tai’an, Shandong province, (China) in 2021 using HTS. Assembled genome (OM829809) is composed of 5595 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Yan et al 2023). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (78.9%) of TriYSV to cereal yellow dwarf virus RPV. Thus, the recognition of TriYSV as a member of Polerovirus TRIYSV is consistent with the species demarcation criteria in the genus Polerovirus.
Ullucus polerovirus 1 (UPoV1) was identified from Ullucus tuberosus samples from the UK in 2017 using HTS. Assembled genome (MH978189) is composed of 5686 nt and has a genome organization characteristic of poleroviruses. The genome ends were not verified (Fox et al 2019). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (62.4%) of UPoV1 to a tentative new polerovirus, Stellaria aquatica virus B. Thus, the recognition of UPoV1 as a member of Polerovirus UPOV is consistent with the species demarcation criteria in the genus Polerovirus.
Wheat leaf yellowing-associated virus (WLYaV) was identified from wheat samples from Jinan, Shandong (China) in 2016 using HTS. Assembled genome (KY605226) is composed of 5772 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Zhang et al 2017). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (81.4%) of WLYaV to cereal yellow dwarf virus RPV. Thus, the recognition of WLYaV as a member of Polerovirus WLYAV is consistent with the species demarcation criteria in the genus Polerovirus.
White clover mottle virus (WCMV) was identified from white clover (Trifolium repens) samples from Cheongdo, North Gyeongsang (South Korea) in 2015 using HTS. Assembled genome (LC192169) is composed of 6205 nt and has a genome organization characteristic of poleroviruses (Park et al 2016). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (85.7%) of WCMV to chickpea chlorotic stunt virus. Thus, the recognition of WCMV as a member of Polerovirus WCMV is consistent with the species demarcation criteria in the genus Polerovirus.
Zucchini aphid-borne yellows virus (ZABYV) was identified from zucchini (Cucurbita pepo) samples from Wujiaqu, Fukang county in Xinjiang Uygur Autonomous Region (China) in 2016 using HTS. Assembled genome (MK050791) is composed of 5792 nt and has a genome organization characteristic of poleroviruses. The genome ends were verified by RACE (Peng et al 2019). MUSCLE multiple sequence alignment of poleroviral RdRPs reveals the highest identity percentage (79.6%) of ZABYV to turnip yellows virus. Thus, the recognition of ZABYV as a member of Polerovirus ZABYV is consistent with the species demarcation criteria in the genus Polerovirus.

As seen in Table 1, differences in amino acid sequence identity of RdRPs (the most conserved proteins) is usually greater than 10% between poleroviruses that can be recognized as different species, except for the close group of pepper-infecting poleroviruses (of which, many are with a recombinant origin), and in lesser extent, also for the group of beet poleroviruses or maize-infecting poleroviruses (which are on the borderline of demarcation). All these “rule-breaking” viruses are pathogens of important agricultural crops. Knowing the virus species and its properties (host range, vectors, recombination potential) is necessary for effective action against their spread, it is justified to discriminate these as the species.

As seen in Table 2, majority of recognized and tentative new species with completely sequenced genomes share a sequence identity of 75% or less. 

The growing number of sequenced genomes is providing a basis to set and specify the numeric values for the species demarcation criteria. Regarding that, we propose to adapt and set additional criteria for the species demarcation in the genus Polerovirus:

•	Differences in breadth and specificity of host range;
•	Failure of cross-protection in either one-way or two-way relationships;
•	Differences in serological specificity with discriminatory polyclonal or monoclonal antibodies;
•	Differences in amino acid sequence identity of RdRPs on the borderline or greater than 10%;
•	Differences in nucleotide sequence identity of genomes around or greater than 25%.







Supporting evidence
Table 1. Identity percentages between amino acid sequences of viral RdRPs translated from ORF2 extracted from the genomes of recognized and tentative new poleroviruses. Multiple sequence alignment was obtained using the MUSCLE algorithm. 
Table 1 has been split into two pages.
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Table 2. Identity percentages between nucleotide sequences of viral genomes of recognized and tentative new poleroviruses retrieved from NCBI GenBank. Multiple sequence alignment was obtained using the MUSCLE algorithm. Table 2 has been split into two pages.
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