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Abstract
	Orpheovirus, pithoviruses, and cedratviruses are ovoid-shaped “giant viruses” that cluster together with viruses within the order Pimascovirales. However, currently, none of these viruses are formally classified by ICTV. Here, we propose to create 3 new families, 3 new genera, and 7 new species with binomial names within the order Pimascovirales to include these viruses in the formal classification. We present morphological, genomic, and phylogenetic evidence supporting our proposal.



Text of proposal
		Despite being genomically and morphologically very diverse, giant viruses that infect amoeba are members of the monophyletic phylum Nuclecytoviricota [1]. In the last decade, new representatives of this phylum have been rapidly described, but many of the emerging viral taxa are not yet allocated in recognized taxonomic families [2–7]. That is the case of orpheovirus, pithovirus, and cedratvirus which cluster together within the order Pimascovirales [3, 8–13]. 
Currently, the order Pimascovirales comprises three classified families, namely Ascoviridae, Iridoviridae, and Marseilleviridae [14]. Since the discovery of the first pithovirus, the potential for the creation of a new family within this order arose, given the differences that it had in comparison to other members of the order [15]. In the following years, the discovery of cedratviruses, a new group of viruses that clustered with pithoviruses expanded the diversity of the new putative family ‘Pithoviridae’ [9–12]. Although cedratviruses resemble pithoviruses, they have many different morphological and genomic features, but only in 2018 with the discovery of orpheovirus, the creation of a new family different than ‘Pithoviridae’ was suggested, given the divergence that orpheovirus had from both pithoviruses and cedratviruses [13]. However, to date, none of the families has been properly classified or had their demarcation criteria established. Here, we propose the classification of isolates from these three viral groups, which have the complete genome available on public databases. Nevertheless, is worth noting that many viruses that cluster with orpheovirus, pithovirus, and cedratvirus have already been detected by metagenomics and some other isolates have already been described [16–20].
Proposed family Pithoviridae
Etymology: ‘Pitho-’ from Greek pithos, a kind of large amphora.
We formally propose to create the family ‘Pithoviridae’. Along with the proposal of the family, we propose the creation of one genus ‘Alphapithovirus’ and two species in this family. ‘Alphapithovirus siberiense’ and ‘Alphapithovirus massiliense’. The name of the species refers to the names of the founding isolates already used in the literature with a suffix change to be standardized with the classified species Yaravirus brasiliense [8, 15, 21]. 
Pithovirus sibericum was isolated in 2014 from a Siberian permafrost layer dating back over 30,000 years [15]. Two years later, pithovirus massiliensis was isolated from sewage samples collected at La Ciotat [8]. Both viruses were isolated in a culture of Acanthamoeba castellanii and presented long ovoid-shaped particles (~1.5 μm in length), resembling the format of the Greek pottery which inspired their names. In one apex of the particle is located a single cork that works as a delivery portal [8, 15]. Even though these viruses are separated by thousands of years, the global synteny is conserved (Fig. 1). Their pairwise ANI and AAI are 84.6% and 84.7% respectively, and their gene sharing level was 78% (Fig. 2). The main characteristics of the double stranded DNA genome of these viruses are listed in table 1. 
Proposed family Cedratviridae 
Etymology: ‘Cedrat-’ from French cédrat, citron. 
[bookmark: OLE_LINK1]We also propose to create the family ‘Cedratviridae’, likewise the genus ‘Alphacedratvirus’ and four species, within this genus. ‘Alphacedratvirus aljazairense’, comprising the isolate cedratvirus A11, ‘Alphacedratvirus franciense’ comprising cedratvirus lausannensis and cedratvirus zaza, ‘Alphacedratvirus brasiliense’ comprising brazilian cedratvirus and ‘Alphacedratvirus rossiense’ comprising cedratvirus kamchatka. 
The first cedratvirus was isolated in 2016 from water samples collected in different regions of Algeria, and named cedratvirus A11 [9]. To standardize the nomenclature, we propose naming the species, founded by the isolate cedratvirus A11, ‘Alphacedratvirus aljazairense’. ‘Aljazair-’due to the Romanized form of the name Algeria in Arabic, al-Jazāʾir. The other proposed species also follow the pattern from where the isolated sample was collected. In the following years, other cedratviruses were isolated from water samples from France (cedratvirus lausannensis and cedratvirus zaza), and Brazil (Brazilian cedratvirus), and a soil sample collected from Russia (cedratvirus kamchatka) [9–12]. 
Isolated in cultures of Acanthamoeba castellanii, cedratviruses also present long ovoid-shaped particles (~1 μm in length). However, they differ morphologically from pithovirus for having two apical corks, one at each end of the particle [9–12]. Once more, the particle morphology served as an inspiration for the naming [9]. There is a conserved synteny between all proposed species, but a higher degree of conservation between the species ‘Alphacedratvirus aljazairense’ and ‘Alphacedratvirus franciense’ is evident (Fig. 1). The pairwise ANI and AAI values ​​of all cedratviruses are >70% and their gene sharing level is >67% (Fig. 2). The main characteristics of the double stranded DNA genome of these viruses are available in table 1.
Proposed family Orpheoviridae
Etymology: ‘Orpheo-’ inspired by the Greek legend of Orpheus.
Lastly, we propose the creation of the family ‘Orpheoviridae’, the genus ‘Alphaorpheovirus’, and the species ‘Alphaorpheovirus massiliense’. This taxon comprises only one viral isolate and the name orpheovirus is frequently used in the literature [13, 22]. 
Different from the other viruses of amoeba of the order Pimascovirales isolated in amoebas of the genus Acanthamoeba, orpheovirus was isolated in a culture of Vermamoeba vermiformis, from samples of rat stool from France, at the same GPS coordinates where pithovirus massiliensis had been collected [13]. Similar to pithoviruses and cedratviruses, orpheoviruses have ovoid particles of approximately 1 μm in length. However, in contrast to the others, the delivery portal is an ostiole located at one of the apexes of the particle [13, 22]. Also, orpheovirus has a completely different genome size, composition, gene content, and genetic organization (Fig. 1 and 2). 
Proposed demarcation criteria 
We propose that isolates that have a pairwise ANI >95% should be considered members of the same species. Therefore, in our proposal, the species ‘Cedratvirus franciense’ contain two viral isolates: cedratvirus lausannensis and cedratvirus zaza. All other isolates included here should be considered as individual species.

In consensus with the newly recognized family Mamonoviridae, we propose that representatives of the same genus within the families proposed here should have a pairwise ANI >70% and similar morphological traits. Thus, here each family has only one proposed genus. 
Families should be monophyletic clades. Inclusion in the families should be validated according to comparative genomic analysis similar to the ones performed in this study, and phylogenetic analyses based on 7 marker genes (DNA PolB, MCP, DEAD/SNF2-like, DNA topoII, RNAPS, TIFIIB, VLTF3) defined to be the best markers for phylogenetic reconstructions of giant viruses [23] (Fig. 3). Future genomes can be included in the phylogenomic analysis even if they differ and lack a subset of these genes.

We acknowledge that the proposed demarcation criteria are adaptable and subject to future reassessment as new viruses are isolated and have their complete genomes sequenced.
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Table 1. Main genomic characteristics of the isolated viruses of the three proposed viral families
	Viral isolate
	Genome size
	GC%
	Coding density
	CDS
	ORFans
	tRNAs

	Pithovirus sibericum
	610033
	35.80%
	69%
	532
	34.58%
	0

	Pithovirus massiliensis 
	683254
	35.40%
	67%
	667
	22.03%
	0

	Cedratvirus A11
	589068
	42.59%
	84%
	763
	32.76%
	1

	Cedratvirus lausannensis
	575161
	42.78%
	86%
	752
	14.76%
	0

	Cedratvirus zaza
	560887
	42.73%
	86%
	717
	9.62%
	0

	Brazilian cedratvirus
	460038
	42.88%
	89%
	677
	20.97%
	0

	Cedratvirus kamchatka
	466767
	40.62%
	85%
	647
	15.76%
	1

	Orpheovirus
	1473655
	24.99%
	70%
	1520
	45.78%
	2
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Figure 1. Genomic synteny analysis. Comparison of the genome organization between viral isolates of the three proposed families. The schematic whole genome alignment diagram was obtained using the Mauve software package [24]. 
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Figure 2. (A and B) Pairwise genomic and ORFs Average Nucleotide Identity (ANI). ANI values <70% were set to 0 [25]; (C) Pairwise Average Nucleotide Identity (AAI) [25]; (D) Normalized gene sharing level [26].
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Figure 3. Maximum Likelihood based phylogenetic tree of 7 marker genes constructed using IQ-TREE multicore version 2.2.0 [27]. The best-fit model was VT+F+R3 chosen according to BIC [28]. The branch supports were computed by 1000 ultrafast bootstrap. The phylogenetic tree was visualized and edited using iTOL [29]. Members of the three proposed new families are indicated by different shades. 
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