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	Abstract of Taxonomy Proposal: 

	Bathyarchaeia is an archaeal class widespread in marine and freshwater sediments. Here we propose four new families for viruses identified by metagenomics and associated with host of the Bathyarchaeia class. The families “Fuxiviridae” and “Kunpengviridae” include head-tailed viruses of the class Caudoviricetes in the realm Duplodnaviria. The family “Chiyouviridae” consists of filamentous viruses of the archaea-specific realm Adnaviria. The fourth putative family, “Huangdiviridae,” with only one representative genome, includes an archaea-specific spindle-shaped virus; the spindle-shaped viruses have not yet been classified at higher taxonomy ranks.



	· Text of Taxonomy proposal:  

	Bathyarchaeia represent a class of archaea common and abundant in sedimentary ecosystems [1-6]. The diverse metabolic potential of Bathyarchaeia contributes to their predominance in sedimentary environments, rendering them essential players in the global carbon cycle [5-8]. Most Bathyarchaeia species have been discovered through metagenomics, with only one species successfully isolated recently [9], whereas most virus sequences represent genome fragments [10-13]. Recently, four new bathyarchaeial viral groups with complete genomes were discovered through metagenomic approaches including CRISPR matching from different sedimentary environments [14].

Protein sharing network analysis showed these newly identified viral groups to share no similar proteins with other known prokaryotic viruses and formed four distinct groups (Fig .1), including a large group consist of six viral clusters, roughly equivalent to genus-level groups. Additionally, genome-wide sequence similarity and phylogenetic analysis of hallmark genes of Bathyarchaeia viruses (Fig. 2-4) revealed three distinct virus types, comprising four putative family-level groups. 

The proposed family “Fuxiviridae” is represented by three nearly identical complete genomes (Fuxivirus) from hot springs (Fig. 1). Fuxivirus has a smaller genome compared to the typical size of archaeal viruses of the class Caudoviricetes (median size of 54.3 kb, n = 44), with a length of 31 982 bp (Fig. 5A). Fuxivirus encodes all the hallmark proteins of Caudoviricetes, namely, a HK97-like MCP (structure modeling by AlphaFold2), a portal protein (gene Fuxivirus_28), a terminase large subunit (LSU) (gene Fuxivirus_27), a tail tube protein (gene Fuxivirus_38), and several other tail components (Fig. 5A), which are similar to those of the previously characterized archaeal tailed viruses [15]. The proteome-based ViPTree [16] analysis and MCP phylogenetic analysis placed Fuxivirus into a group separate from other established families of Caudoviricetes viruses (Fig. 2). 

The proposed family “Kunpengviridae” was detected in hydrothermal vents and includes one complete viral genome (Kunpengvirus), that is targeted by a single spacer (100% match) from Bathyarchaeia sp. QMXD of the order Jinwuousiales. Kunpengvirus encodes the hallmark capsid morphogenesis proteins of Caudoviricetes, as well as a suite of tail proteins including the baseplate protein (Fig. 5B). The proteome-based ViPTree analysis and MCP phylogenetic analysis also placed Kunpengvirus into a separate family with other established families of Caudoviricetes viruses (Fig. 2).

A unique viral genome (Huangdivirus) representing the proposed family “Huangdiviridae” was identified as an apparent provirus in Bathyarchaeia sp. QMYA of the order Baizomonadales from a deep-sea hydrothermal vent. Sensitive sequence comparison using HHblits identified three virus-encoded structural proteins (VPs) VP1–3 (Fig. 3 and Fig. 5C), homologous to the structural proteins of archaeal spindle-shaped viruses of the family Fuselloviridae, as well as an AAA+ ATPase (gene Huangdivirus_17, HHblits best hit to ATV ATPase, with 99.8% probability). Structural predictions for VP1 (gene Huangdivirus_21) and VP3 (gene Huangdivirus_28) indicated that both proteins contain two hydrophobic α-helices connected by a short turn (Fig. 3A) resembling the typical structure of the MCPs of spindle-shaped viruses [17]. Huangdivirus VP2 (gene Huangdivirus_19) is most closely related to the viral DNA-binding protein VP2 of Sulfolobus spindle-shaped virus 1 (SSV1) [18]  (HHblits probability of 99.49%). As in the case of SSV1, we detected the consensus glycosylation motifs (N-X-S/T) in Huangdivirus VP1 and VP3, which may be glycosylated by the virus-encoded glycosyltransferase (gene Huangdivirus_40). 

“Chiyouviridae” is a potential new family of filamentous viruses in the order Ligamenvirales (class Tokiviricetes, realm Adnaviria). “Chiyouviridae” was detected in a hot spring and represented by one complete viral genome (Chiyouvirus ) targeted by two spacers of Bathyarchaeia sp. JAGTQC in the order Bifangarchaeales (Fig. 5D). Phylogenomic analysis of all available Tokiviricetes [19] genomes recapitulated the previously established relationships and showed that Chiyouvirus forms a separate clade within the order Ligamenvirales, most closely related to the families Rudiviridae and Ungulaviridae (Fig. 4A). Whole proteome comparison showed <50% average amino acid identity (AAI) between protein homologs from Chiyouvirus and members of other viral families, with the highest AAI (46%) with the genus Icerudivirus of the family Rudiviridae (Fig. 4B). Similar to all members of the families Ungulaviridae and Lipothrixviridae but only some members of the family Rudiviridae [19], Chiyouvirus encodes two MCPs (genes Chiyouvirus_14 and Chiyouvirus_23), each comprising an alpha-helix bundle (Figs 4C and 5D). In addition, Chiyouvirus encodes a large minor structural protein (Fig. 5D and gene Chiyouvirus_18), a homolog of SIRV2 P1070 [20, 21]. Predictions for transmembrane proteins indicated that Chiyouvirus encodes eight potential transmembrane proteins (Fig. 5D) suggesting that it is a membrane-enveloped filamentous virus, similar to the adnaviruses in the families Lipothrixviridae, Ungulaviridae, and Tristromaviridae [22].

Demarcation criteria: 
We propose using 95% sequence identity as a species demarcation criterion, to be consistent with the classification of other bacterial and archaeal viruses. Membership in the respective families will be established based on the global proteomic tree calculated using ViPTree and VICTOR as well as phylogenetic analysis of hallmark proteins.

Etymology
Bathyarchaeia bifangarchaeales Fuxivirus 1
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]We propose classifying Bathyarchaeia bifangarchaeales Fuxivirus 1 into a species Taijivirus yinyang within a genus Taijivirus in the new family Fuxiviridae.
· Fuxiviridae, Derived from Fuxi, a legendary figure in Chinese mythology known for his diverse talents and abilities.
· Taichivirus, named after Taichi, a Chinese philosophical concept emphasizing the balance of opposing forces.
· yinyang, the interconnected and complementary aspects of reality in Taichi philosophy.

Bathyarchaeia jinwuousiales Kupengvirus 1
We propose classifying Bathyarchaeia jinwuousiales Kupengvirus 1 into a species Dafengvirus linsing within a genus Dafengvirus in the new family Kunpengviridae.
· Kunpengviridae, named after Kunpeng, a mythical creature in Chinese mythology known for its transformative abilities.
· Dafengvirus, meaning "great wind" in Chinese, symbolizing the powerful force of transformation associated with Kunpeng.
· linsing, meaning "to rise or ascend," alluding to the mythical bird Kunpeng's ability to soar to great heights.

Bathyarchaeia bifangarchaeales Chiyouvirus 1
We propose classifying Bathyarchaeia bifangarchaeales Chiyouvirus 1 into a species Kuivirus xiongnu within a genus Kuivirus in the new family Chiyouviridae.
· Chiyouviridae, inspired by Chiyou, a symbol of war and invention in Chinese mythology.
· Kuivirus, refers to the one-legged mountain demon in Chinese mythology, known for causing chaos and destruction.
· xiongnu, named after the Xiongnu, a confederation of nomadic tribes in ancient China, known for their powerful military and complex relationship with the Chinese empire.

Bathyarchaeia baizomonadales Huangdivirus 1
We propose classifying Bathyarchaeia baizomonadales Huangdivirus 1 into Xuanyuanvirus yandi with a genus Xuanyuanvirus in the new family Huangdiviridae.
· Huangdiviridae, named after Huangdi, the legendary Chinese sovereign often associated with important inventions.
· Xuanyuanvirus, another name for Huangdi in Chinese mythology.
· yandi, a legendary Chinese ruler also known as Shennong, who is credited with the invention of agriculture and traditional Chinese medicine.
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	Tables, Figures:  


Table 1. Proposed taxonomy of Bathyarchaeia archaeal viruses.
	Order
	Family
	Genus
	Species
	Virus name
	Genome length (bp)
	Accession number

	
	“Fuxiviridae”
	“Taijivirus”
	“Taijivirus yinyang”
	Bathyarchaeia bifangarchaeales Fuxivirus 1
	31982
	PP467601

	
	“Kunpengviridae”
	“Dafengvirus”
	“Dafengvirus linsing”
	Bathyarchaeia jinwuousiales Kupengvirus 1
	35774
	PP467599

	Ligamenvirales
	“Chiyouviridae”
	“Kuivirus”
	“Kuivirus xiongnu”
	Bathyarchaeia bifangarchaeales Chiyouvirus 1
	26867
	PP467602

	
	“Huangdiviridae”
	“Xuanyuanvirus”
	“Xuanyuanvirus yandi”
	Bathyarchaeia baizomonadales Huangdivirus 1
	26578
	QMYA01000001





	
[image: ]Figure 1 Classification of Bathyarchaeia viruses based on the whole-genome protein-sharing network with other prokaryotic viruses; the whole-genome protein-sharing network analysis was constructed using vConTACT2 v.0.11.3 for the taxonomic assignment of 56 Bathyarchaeia viral genomes; Bathyarchaeia virus clusters are outlined with a rectangle in the complete network; Bathyarchaeia viruses are assigned to four distinct groups (numbered within circles), including one large cluster; viral clusters (VCs) are indicated by the colored spheres within the inset; the proposed virus families with complete genomes are separated by dashed lines and appended with the corresponding names; the light pink and light blue clusters outside of the inset represent archaeal and bacterial viruses, respectively; the networks were visualized with Cytoscape v.3.9.1.
[image: ]
Figure 2 The genome-wide sequence similarity comparison, phylogenetic and modeling of major capsid of Bathyarchaeia viruses in realm Duplodnaviria. a) The proteomic tree displays the relationship between Bathyarchaeia viruses and archaea viruses in the realm Duplodnaviria, based on genome-wide sequence similarities. Bathyarchaeia virus families are labeled in green, and viruses with complete genomes are marked with a red circle. b) The maximum likelihood tree of major capsid proteins (MCPs) shows the relationship between Bathyarchaeia virus and archaeal virus. Bathyarchaeia virus families are labeled in green, and the 3D structure representing the MCP of each family is displayed next to it.
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Figure 3 Huangdivirus structural proteins. a) Structural modeling of Huangdivirus capsid proteins VP1 and VP3, colored using a rainbow gradient from N-terminus (blue) to C-terminus (red). b) Sequence analysis of Huangdivirus structural proteins VP1-3, with predicted transmembrane domains highlighted in yellow and theoretical glycosylation consensus motifs (N-X-S/T) shown on a green background.
[image: ]
Figure 4 Genomic analysis of Chiyouvirus. a) Phylogenomic tree of Chiyouvirus (red arrow) alongside known members of the Tokiviricetes class, based on whole-genome amino acid analysis using VICTOR. Tree is rooted with Primavirales, and branch length represents GBDP distance formula D6. Branch support values are indicated with numbers. b) Whole-genome amino acid identity comparison of filamentous viruses in the Tokiviricetes class, conducted by EzAAI1. Chiyouvirus is highlighted in red. Only AAI values greater than 40% are displayed in the heatmap. c) Predicted structural model comparison of Bathyarchaeial Chiyouvirus major capsid proteins MCP1 and MCP2 with Icerudivirus SIRV (3J9X, chain A) and Captovirus AFV1 (5W7G, chain A) structures. Models are colored using a rainbow gradient from N-terminus (blue) to C-terminus (red).
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Figure 5 Maps of complete genomes of Bathyarchaeia viruses; (A) Genome map of Fuxivirus; (B) genome map of Kunpengvirus; (C) genome map of Huangdivirus; (D) genome map of Chiyouvirus; genes annotated by HHblits with a probability greater than 95% are shown as different colors; genes related to Type IV B CRISPR-Cas system, Cas4, and Cas2 are indicated in rose pink, mini-CRISPR array in vibrant orange, genes specific to viruses in dark blue, predicted Acr in black, other annotated genes in light blue; the positions of targeted protospacers are indicated with red circle; the organization of CRISPR mini-arrays is shown above the genome maps; in Chiyouvirus CRISPR Array 1, the self-targeting spacers are highlighted in light blue and purple; their corresponding target sites on the genome are marked with circles in the same color; transmembrane proteins of Chiyouvirus predicted using CCTOP [117] server are indicated with red asterisks.
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