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Abstract
	We propose the classification of two novel bunyavirals, European shore crab virus 1 (EscV-1) and Chinese mitten crab virus 1 (CmcV-1) from European shore crabs (Portunidae: Carcinus maenas (Linnaeus, 1758)) and Chinese mitten crabs (Portunidae: Eriocheir sinensis Milne-Edwards, 1853), respectively. Our data indicate that EscV-1 and CmcV-1 are representatives of two novel species in the crulivirid genus Lincruvirus (proposed species names, Lincruvirus europense and Lincruvirus sinense, respectively).


Text of proposal
		All information provided here stems from two publications [2, 3]:

Species: Lincruvirus europense
Species demarcation criteria: infects crustacean hosts, has high levels of nucleotide similarity across the three genomic segments, includes a fourth coding region on the S segment

Virus: European shore crab virus 1 (previously named “Carcinus maenas Portunibunyavirus 1”).

Virus abbreviation: EscV-1

Phylogenetic and other information presented below identify EscV-1 as a relative of WlCV-9 (Table 1; Figures 2, 3, 4, and 5). Visual observation of the EscV-1 particles in European shore crab tissues additionally supports the presence of this virus as a potential pathogen of European shore crabs (Figure 6).

Complete genomic segment sequences are deposited under GenBank accession numbers MK861116, MK861117, and MK861118.


Species: Lincruvirus sinense
Species demarcation criteria: infects crustacean hosts, has high levels of nucleotide similarity across the three genomic segments, encodes a single coding region on the S segment

Virus: Chinese mitten crab virus 1 (previously named “Eriocheir sinensis Bunya‑like virus”).

Virus abbreviation: CmcV-1

Phylogenetic and other information presented below identify CmcV-1 as a relative of WlCV-9 and EscV-1 (Figures 2 and 4). 

Complete genomic segment sequences are deposited under GenBank accession numbers MH717874, MH717875, and MH717876.






Supporting evidence

	EscV-1 Segment
	Hypothetical protein
	Translatory frame and cDNA sequence orientation
	Predicted molecular function
	Protein sequence similarity
	Predicted lifecycle function

	
	
	
	
	Accession number and isolate description
	Coverage (%)
	Similarity (%)
	E-value
	

	L
	RdRp (2171 aa)
	2nd Frame (5’-3’)
	RNA genome replication
	RdRp of WlCV‑9 (YP009329879)
	100
	72
	0.0
	Replication

	M
	Glycoprotein (914 aa)
	2nd Frame (3’-5’)
	Membrane glycoprotein
	Glycoprotein of WlCV‑9 (YP009329880)
	100
	65
	0.0
	Viral entry into host cell

	S
	Hypothetical protein (211 aa)
	3rd Frame (5’-3’)
	Unknown
	-
	-
	-
	-
	Zn finger domain suggesting nucleotide binding

	S
	Putative nucleoprotein (212 aa)
	3rd Frame (3’-5’)
	Genome‑binding properties
	nucleoprotein of WlCV‑9 (YP009329881)
	100
	61
	2e-87
	Genome packaging after replication



	CmcV-1 Segment
	Hypothetical protein
	Translatory frame and cDNA sequence orientation
	Predicted molecular function
	Protein sequence similarity
	Predicted lifecycle function

	
	
	
	
	Accession number and isolate description
	Coverage (%)
	Similarity (%)
	E-value
	

	L
	RdRp (2173 aa)
	3rd Frame (5’-3’)
	RNA genome replication
	RdRp of WlCV‑9 (YP009329879)
	100
	96
	0.0
	Replication

	M
	Glycoprotein (914 aa)
	2nd Frame (5’-3’)
	Membrane glycoprotein
	Glycoprotein of WlCV‑9 (YP009329880)
	100
	92
	0.0
	Viral entry into host cell

	S
	Putative nucleoprotein (212 aa)
	3rd Frame (5’-3’)
	Genome‑binding properties
	nucleoprotein of WlCV‑9 (YP009329881)
	100
	94
	2e-146
	Genome packaging after replication



Table 1: Hypothetical open reading frames of EscV-1 and CmcV-1 from the cDNA of the negative-sense single-stranded RNA (-ssRNA) genome compared to other bunyaviral protein sequences in the GenBank nucleotide sequence database. The protein comparison data are presented. Similarity searches were conducted in National Center for Biotechnology Information (NCBI) Basic Local Alignment Search Tool (BLASTP).
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Figure 1: The annotated -ssRNA genome of EscV-1 and CmcV-1, including graphical representation of the three -ssRNA genomic segments with annotation for the bunyavirus‑typical open reading frames. The predicted encoded proteins are listed above the annotation and the complementary bunyaviral ends are represented [adapted from [2]].
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Figure 2: A maximum-likelihood phylogenetic tree constructed from the predicted RNA-dependent RNA polymerase (RdRp) amino-acid sequences of 97 bunyaviruses and an outgroup (Mononegavirales: Measles morbillivirus: measles virus [MeV]). The protein sequence data were aligned in Geneious (v.12) using MAFFT default protocol. The tree was developed using IQ‑TREE (model: LG + F + I + G4). The corresponding viral families are highlighted on the tree and the crustacean-infecting bunyaviruses are identified in bold. EscV‑1 and CmcV‑1 are in red [2, 3]. The RdRp from the Crangon crangon bunya-like virus partial genome is also included in grey [4].


 [image: ]

Figure 3: A tree constructed on concatenated sequences of virus-encoded proteins using the L, M, and S segments (LMS)-encoded proteins of 29 bunyaviruses (specific to EscV-1). The protein sequence data were aligned separately in Geneious, using MAFFT default protocol, and then merged. The tree was generated from the merged data using IQ-TREE (model: VT + F + I + G4). The corresponding viral family within the Bunyavirales is highlighted on the tree, including Cruliviridae and EscV‑1 in bold. The accession numbers for the L, M, and S proteins, according to the NCBI repository, are presented after each viral isolate used in the tree [adapted from [2]].
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Figure 4: Protein distance matrix for the crustacean-infecting bunyaviruses and representatives from the closest relatable Bunyavirales families. This includes the RdRp for EscV-1 but not CmcV-1, due to its high similarity to WICV-9. The M proteins of both isolates are included [adapted from [2]].
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Figure 5: RdRp domain conservation and amino‑acid sequence similarity, using comparative methods explored by [1]. Conservation of all amino acids (or amino acids with similar properties) across the sequences are highlighted in black. Partial amino-acid conservation across most sequences is represented in grey. European shore crab virus 1 (EscV-1), Wēnlǐng crustacean virus 9 (WlCV-9), Athtab virus (AV), Wēnlǐng crustacean virus 7 (WlCV-7), Wēnzhōu shrimp virus 1 (WzSV-1), Wēnzhōu shrimp virus 2 (WzSV-2), and Hantaan virus (HTNV) are each compared. Data and images were acquired from Geneious MAFFT alignment. CmcV-1 is 96% similar to WICV-9 and shares all sequence similarities in these regions [adapted from [2]].
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Figure 6: Electron micrographs of the developmental cycle for EscV‑1. A) Single‑membrane viruses access a cell via cytosis of the cell membrane (black arrows) and enter the cell with double-membrane (white arrow) vesicles (V), including developing viral particles. B) A lower-magnification image shows an infected cell (containing developing virions) with multiple vesicles, among adjacent cells. The nucleus (N) of an adjacent cell can be identified. C) An image of an early developing vacuole with electron-dense material, predicted to be viral RNA undergoing translation/transcription. D) Virions are assembled. Vacuoles with late‑stage virions (V1) and pre-full-assembly virions are present (V2). E) In some infected cells a paracrystalline array may form in the cytoplasm of the host. F) As virions leave the cell, they shed their second membrane (black arrow). G) Finally, infective virions enter the interstitial space between cells and aggregate before moving on to adjacent cells [adapted from [2]].
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