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	Abstract of Taxonomy Proposal: 

	
Description of current taxonomy: 
The phylum Nucleocytoviricota currently contains three classes and five orders. Although pandoraviruses and molliviruses have been known for over a decade and are generally accepted as belonging to this phylum, they have never been formally classified. 

Proposed taxonomic change(s):     
We propose a new order, the “Pandomollivirales” within the class Megaviricetes to accommodate the inclusion of pandoraviruses and molliviruses. We also propose two new families, three new genera, and twelve new species to further demarcate viruses within this new order.

Demarcation criteria for new taxon/taxa:
The demarcation of the new order and two new families was guided by the topology (and branch distances within) of a phylogenetic tree built from a standard core gene set conserved among members of the Megaviricetes (Figs 1 & 2). The genera and species were delineated through full genome comparisons using Average Nucleotide Identity (ANI levels). ANI>80% for genus clustering, ANI> 95% for species clustering (Fig 3). 

Justification:
To include two well-characterized clades of large DNA viruses (the “Pandoraviridae” and “Molliviridae”) within the ICTV taxonomy.





	Text of taxonomy proposal

	
Description of current taxonomy:       
In the current ICTV classification, large dsDNA previously referred to as Nucleocytoplasmic Large DNA Viruses (NCLDVs) belong to the Nucleocytoviricota phylum (see [1] for review and ICTV proposal # 2019.003G.A.v1.Varidnaviria). This phylum is composed of three different classes: the Megaviricetes and the Pokkesviricetes, which contain a variety of large DNA viruses, and the Mriyaviricetes, which comprise a potentially early-branching lineage of smaller viruses that lack several hallmark genes found in the rest of the phylum [see ICTV proposal # 2024.010D.Varidnaviria_reorg]. The Megaviricetes class is presently divided into three different orders: the Algavirales, the Imitervirales, and the Pimascovirales, while the Pokkesviricetes are divided into the Chitovirales and Asfuvirales orders. 

Pandoraviruses (and their distant relatives, the molliviruses), first described in 2013 and 2015 [2,3], are among the most spectacular giant viruses both in terms of genome size (> 2Mb) and particle morphology and size (> 1µm). Like many members of the phylum Nucleocytoviricota they lethally infect Acanthamoeba hosts. Many strains have been isolated, and their full characterizations published by several research groups [4,5] [Table 1]. In the literature, they have been proposed to belong to two new families, respectively the “Pandoraviridae” [6] and the “Molliviridae” [7], within the Megaviricetes class (Phylum Nucleocytoviricota, Kingdom Bamfordvirae, Realm Varidnaviria). Yet, they have remained absent from the ICTV taxonomy. The purpose of this proposal is to accommodate the pandoraviruses and molliviruses in the taxonomy by the proposed demarcation of a novel order (‘Pandomollivirales’), two new families (“Pandoraviridae” and “Molliviridae”) and several genera and species within the class Megaviricetes, so that they can be formally recognized by the ICTV. 

Proposed taxonomic change(s):     
In addition to the creation of the “Pandoraviridae” and “Molliviridae” families, we propose to cluster them in a new order, the “Pandomollivirales” within the existing Megaviricetes class. The various Pandoravirus isolates were distributed among the “Alphapandoravirus” and “Betapandoravirus” genera, and 4 Mollivirus isolates clustered in the “Alphamollivirus” genus. We further demarcate 12 species within these genera. The higher taxonomic ranks that we propose to establish are:

1) The order “Pandomollivirales” within the class Megaviricetes. 
2)  The two new families, “Pandoraviridae” and “Molliviridae”.
3) Three new genera; “Alphapandoravirus” and “Betapandoravirus” within the family “Pandoraviridae”, and “Alphamollivirus” within the family “Molliviridae”. 

The new species that we propose are:

genus: “Alphamollivirus”:
· “Alphamollivirus sibericum” (including all isolates: M. shaoxing, M. Mol-1, M. sibericum and M. kamchatka)

genus: “Alphapandoravirus”:
· “Alphapandoravirus talik” (isolate P. talik)
· “Alphapandoravirus inopinatum“ (isolate P. inopinatum)
· “Alphapandoravirus silvestre” (isolates : P. celtis and P. quercus)
· “Alphapandoravirus salinum” (isolate P. salinus)
· “Alphapandoravirus dulce (isolate P. dulcis)
· “Alphapandoravirus japonicum” (isolate P. japonicus)
· “Alphapandoravirus belohorizontense” (isolate P. belohorizontensis)

genus: “Betapandoravirus”:
· “Betapandoravirus mammuthis” (isolate P. mm38 and P. braziliensis)
· “Betapandoravirus remotum” (isolates: P.aubagnesis and P. macleodensis)
· “Betapandoravirus massiliense” (isolate P. massiliensis)
· “Betapandoravirus australe” (isolates P. neocaledonia and P. kuranda)


Demarcation criteria for new taxa:
The demarcation of the new order and two new families was guided by the topology (and branch distances within) of a phylogenetic tree built from a core gene set conserved among members of the Megaviricetes (Figs 1 & 2). This is consistent with phylogenetic approaches commonly used to examine evolutionary relationships within the Nucleocytoviricota [8] as well as recent taxonomic demarcations within this phylum [9,10]. The demarcation of families was also based on the demarcation of well-defined clades in the “Pandomollivirales” clade. The genera and species were delineated through full genome comparisons using Average Nucleotide Identity (ANI levels), with ANI>80% for genus clustering, ANI> 95% for species clustering (Fig 3). 

Justification:
Phylogenetic evidence shows that the pandoraviruses and molliviruses clearly form a distinct clade that is separate from other established orders within the Nucleocytoviricota, and a new order is warranted. The clades representing the pandoraviruses and molliviruses are distinct and separated by a long branch, and distinct families to accommodate these lineages are appropriate. Within these families, established approaches using both ANI and clade demarcation can be used to establish genera and species. 
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TABLE 1. Complete annotated genome sequences available in Genbank.

	Mollivirus Isolates used in this taxonomy proposal

	Isolate name
	Genbank accession#
	Publication

	Mollivirus sibericum
	NC_027867.1
	DOI: 10.1073/pnas.1510795112

	Mollivirus kamchatka
	MN812837.1
	DOI: 10.1128/JVI.01997-19

	Mollivirus shaoxing
	PV032514.1
	DOI: 10.1186/s12985-025-02850-3

	Mollivirus Mol-1
	BTJB01000001
	DOI: 10.1371/journal.pone.0301185




	Pandoravirus Isolates used in this taxonomy proposal

	Isolate name
	accession#
	Publication

	Pandoravirus salinus
	NC_022098.1
	DOI: 10.1126/science.1239181

	Pandoravirus dulcis
	NC_021858.1
	DOI: 10.1126/science.1239181

	Pandoravirus inopinatum
	NC_026440.1
	DOI: 10.1128/genomeA.00136-15

	Pandoravirus celtis
	MK174290.1
	DOI: 10.3389/fmicb.2019.00430

	Pandoravirus quercus
	NC_037667.1
	DOI: 10.1038/s41467-018-04698-4

	Pandoravirus neocaledonia
	NC_037666.1
	DOI: 10.1038/s41467-018-04698-4

	Pandoravirus macleodensis
	NC_037665.1
	DOI: 10.1038/s41467-018-04698-4

	Pandoravirus talik
	OQ413801
	DOI: 10.3390/v15020564

	Pandoravirus kuranda
	ON887157.1
	Direct submission

	Pandoravirus japonicus
	LC625835.1
	DOI: 10.1128/MRA.00365-21

	Pandoravirus braziliensis
	LT972217
	DOI: 10.3389/fmicb.2018.01486

	Pandoravirus belohorizontensis
	MZ420562
	DOI: 10.1128/mra.00131-22

	Pandoravirus aubagnensis
	MZ420563
	DOI: 10.1128/mra.00131-22

	Pandoravirus massiliensis BZ81
	LT972215
	DOI: 10.3389/fmicb.2018.01486

	Pandoravirus sp. strain Mm38
	OQ411600
	DOI: 10.3390/v15020564








Table 2. Summary of our pandoravirus/mollivirus taxonomy proposal

	Order
	Family
	Genus
	Species
	Isolate
	NCBI Access

	Pandomollivirales
	Pandoraviridae
	Alphapandoravirus
	Alphapandoravirus dulce
	Pandoravirus dulcis
	NC_021858.1

	
	
	
	Alphapandoravirus inopinatum
	Pandoravirus inopinatum
	NC_026440.1

	
	
	
	Alphapandoravirus silvestre
	Pandoravirus celtis
	MK174290.1

	
	
	
	
	Pandoravirus quercus
	NC_037667.1

	
	
	
	Alphapandoravirus talik
	Pandoravirus talik
	OQ413801

	
	
	
	Alphapandoravirus japonicum
	Pandoravirus japonicus
	LC625835.1

	
	
	
	Alphapandoravirus belohorizontense
	Pandoravirus belohorizontensis
	MZ420562

	
	
	
	Alphapandoravirus salinum
	Pandoravirus salinus
	NC_022098.1

	
	
	Betapandoravirus
	Betapandoravirus remotum
	Pandoravirus aubagnensis
	MZ420563

	
	
	
	
	Pandoravirus macleodensis
	NC_037665.1

	
	
	
	Betapandoravirus massiliense
	Pandoravirus massiliensis BZ81
	LT972215

	
	
	
	Betapandoravirus mammuthis
	Pandoravirus braziliensis
	LT972217

	
	
	
	
	Pandoravirus sp. strain Mm38
	OQ411600

	
	
	
	Betapandoravirus australe
	Pandoravirus neocaledonia
	NC_037666.1

	
	
	
	
	Pandoravirus kuranda
	ON887157.1

	
	Molliviridae

	Alphamollivirus

	Alphamollivirus sibericum
	Mollivirus sibericum
	NC_027867.1

	
	
	
	
	Mollivirus kamchatka
	MN812837.1

	
	
	
	
	Mollivirus shaoxing
	PV032514.1

	
	
	
	
	Mollivirus Mol-1
	BTJB01000001
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Figure 1. Phylogeny of viruses in the phylum Nucleocytoviricota, based on a concatenated alignment of DNA polymerase family B (PolB) and the two largest RNAP subunits (RNAPS and RNAPL). Pandoraviruses, molliviruses, and a subset of genomes sampled from the Giant Virus Database [8] were used, including many unclassified metagenome-assembled genomes (MAGs). Five established orders and the proposed order are shown in different colors. The node at the base of the proposed “Pandomollivirales” order has a support value of 1. The concatenated alignment was made using the ncldv_markersearch.py utility (https://github.com/faylward/ncldv_markersearch, [11]), which uses Clustal Omega for alignment (version 1.2.4, default parameters) [12] and trimAl for alignment trimming (version 1.5.rev0, parameter -gt 0.1) [13]. The final alignment contained 19,842 positions, and the tree was inferred with IQ-TREE version 2.2.2.7 [14] with the LG+F+R10 substitution model and 1000 ultrafast bootstraps [15].   
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Figure 2: Phylogenetic tree showing the detailed relationships of the pandoraviruses/molliviruses, with the proposed families and genera demarcated. The tree is based on a concatenation of the family B DNA polymerase (PolB), the two largest RNA polymerase subunits (RNAPL and RNAPS), and the superfamily II helicase (SFII). The ncldv_markersearch.py utility was used to construct the alignment (https://github.com/faylward/ncldv_markersearch) before trimming with trimAl (-gt 0.1) [13] and phylogenetic reconstruction with IQ-TREE 2.4.0 using the LG+F+R10 substitution model [14]. Node support values are UltraFast bootstraps [15], with values > 95 denoted with solid circles. Genomes in the family Mimiviridae were used as an outgroup.  
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Figure 3: All genome nucleotide identity (ANI) analyses of the pandoravirus and mollivirus isolates used in this taxonomy proposal. ANI was calculated using the fastANI tool (https://github.com/ParBLiSS/FastANI) [16] with 1000 bp window size.  
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