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Abstract
	On the base of biological properties and genomic data, such as RdRp-encoding sequences, we propose establishment of one new bunyaviral family, genus, and species to classify tulip streak virus (TuSV).


Text of proposal
		NEW FAMILY: Konkoviridae
A genomic sequence of a bi-segmented negative-sense bunyaviral-like RNA virus named tulip streak virus (TuSV) was obtained from tulips (liliaceaen Tulipa gesneriana L.) showing streaking symptoms. Two genome segments encode an RNA-directed RNA polymerase (RdRp) (RNA1), a nucleocapsid protein (NP; RNA2), and two proteins (p20 and p11; RNA2) of unknown function. Genome organization and phylogenetic analysis of the viral RdRp indicated that, albeit affinities to bunyavirals sensu lato, this virus cannot be assigned to established taxa in the order. For this reason, we propose to place TuSV in a new genus (Olpivirus) in a new family (Konkoviridae).

Biology
The streak disease of tulips was first observed in Toyama, Japan. The streaking symptoms appear as white-to-yellow elongated stripes along the leaf veins, with necrotic streaking or colour banding on petals (Fig.1 a and b). Virions have a thin filamentous shape 7–11 nm in diameter with lengths proportional to the lengths (300–1,600 nm) of the segmented genomic RNAs. The filamentous particles may appear to be spiral-shaped, branched or panhandle and no envelope has been observed (Fig. 1 c). TuSV is transmitted by soil-inhabitant fungi, olpidiaceaean Olpidium virulentus (synonym O. brassicae) (Fig. 1 d). Mechanical transmission using diseased-tulip sap extracts to benth (solanaceaen Nicotiana benthamiana Domin) and quinoa (amaranthaceaen Chenopodium quinoa Willd.) is possible [1, 2].

Genome:
The genomes of TuSV comprise two segments of negative-sense or ambisense RNA (Fig. 2). RNA1 (6,379 nt) is negative-sense and encodes a protein with a predicted molecular mass of 240 kDa that shares the bunyaviral RdRp domain. The amino acid identity value obtained with the RdRp of classified viruses in the order Bunyavirales is below 20%. RNA2 (1,110 nt) is ambisense and encodes a protein of 29.6 kDa on the viral complementary RNA (vcRNA) that shares the tenuivirus/phlebovirus N domain and two proteins of 20.3 kDa (p20) and 11.1 kDa (p11) on the viral RNA (vRNA) that do not possess any viral motifs or domains and is not identified any homologous proteins by the BLASTP analysis. The p20 and p11 proteins are encoded in overlapping reading frames and are presumably translated from the same virus-sense mRNA as the result of alternate AUG initiation codon usage. 3' and 5' RACE experiments were performed revealing that the two termini of the two genomic segments share a conserved motif (5'-ACACAAAGAAGAC-3') that enables panhandle pairing of the 5' and 3' ends of each genomic segment (Fig. 3 a, b). The eight nucleotides at both RNA ends were almost identical to the corresponding sequences of viruses in the families Leishbuviridae, Discoviridae, and Phenuiviridae (Fig. 3 c) [3].

Phylogenetic relationships:
The phylogenetic analysis and identity matrix based on an RdRp alignment with representatives of current bunyaviral families (Fig. 4), show that this virus belongs to a distinct lineage in the order and should be classified in a new species to be placed in a newly created genus (Olpivirus). The tree is currently ambiguous on whether this genus ought to be a member of Leishbuviridae or represent a new family. Because leishubuvirids have been exclusively found in protists, whereas TuSV is undoubtedly a plant virus, we propose to include Olpivirus in a new family, Konkoviridae.

We propose to classify TuSV as a member of a novel species, named Olpivirus tulipae.

Etymologies of newly proposed taxa: See Excel module.
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Figure 1. Tulip streak virus (TuSV)-infected tulip (a, b), virus particles (c), and virus fungal vectors (d). 
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Figure 2. Structure of the TuSV genome structure. The vcRNAs are depicted in 3′→5′ direction and mRNAs are depicted in a 5′→3′ direction. Arrows on the mRNAs depict ORFs that encode structural proteins; NP, nucleocapsid protein; L (RdRp), putative large protein (RNA-directed RNA polymerase); p20, non-structural protein of 20.3 kDa; and p11, non-structural protein of 11.1 kDa. 
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C　			5’	　　　				  3’
TuSV RNA1	            ACACAAAGAAGAC......UCGGUCUUUGUGU
TuSV RNA2      ACACAAAGAAGAC......UCGGUCUUUGUGU
LEPMV L	 	ACACAAAGACAAA......UUAUUCUUUGUGU
PDV L   	     ACACAAAGCACCC......GGGUGCUUUGUGU
RVFV L	     ACACAAAGGCGCC......GCGGUCUUUGUGU
WhMV2 L  	     UCUCUAAGAUAUA......CAUUUCUUAGAGA
HbMV5 Seg1	GCGCGAGGAUAGA......GCAGCCCUCGCGC
LASV L	 	CGCACCGGGGAUC......GAUCCUCGGUGCG
FRKV L   	     AGUAGUAAACACA......UGUGUUUACUACU
HTNV L   	     UAGUAGUAGACUA......CAUACUACUACUA
TSWV L   	     AGAGCAAUCAGGU......ACCUGAUUGCUCU
EMARaV RNA1    AGUAGUGAACUAA......GGAGAACACUACU
WlCV9 Seg1  	AGUAGUAUACAGG......CCUGUCUACUACU
BUNV L	 	AGUAGUGUACUCC......GGAGCACACUACU
DUGV L	 	UCUCAAAGACAUC......GAUUUCUUUGAGA

Figure 3. (a) Alignment of 5′ (upper) and 3′ (lower) termini of the genomic RNAs of tulip streak virus (TuSV) The conserved nucleotides are shown in black background. (b) Panhandle structures formed by the 5′ and 3′ termini of TuSV. (c) Alignment of 5′ and 3′ terminal sequences of TuSV and viruses in the order Bunyavirales. Red characters indicate the conserved octa-nucleotides.
[image: ]
Figure 4. The neighbor-joining phylogenetic tree of replicase amino acids of Bunyavirales. GENETYX and MEGA7 was used to align the sequences and to generate phylogenetic tree. Numbers on branches are bootstrap values (%) obtained from 1,000 replicates. TuSV is written in red.
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DQ375403 Rift Valley fever virus



D10759 Uukuniemi virus



HM745930 severe fever with thrombocytopenia syndrome virus



KM048313 blacklegged tick phlebovirus-1



MT241517 Mourilyan virus



MN062090 Dar es Salaam virus



MN163034 Aphis citricidus bunyavirus



KM817690 Wǔhàn horsefly virus



MH817469 melon chlorotic spot virus



D31879 rice stripe virus



HQ541738 Gouléako virus



KX884772 Húběi lepidoptera virus 1



KX852391 Pidgey virus



KT693187 Badu virus



KX884796 Húběi diptera virus 3



KX884809 Húběi diptera virus 4



KX272883 Mothra virus



MF062125 apple rubbery wood virus 1



MF375882 Entoleuca phenui-like virus 1



LC466008 Lentinula edodes negative-strand RNA virus 2



KX960112 Citrus concave gum-associated virus



KX774630 Laurel Lake virus



LC571987 tulip streak virus



KX280015 Leptomonas moramango virus



MF142458 Penicillium discovirus



KM817696 Wǔhàn millipede virus 2



KX884840 Húběi myriapoda virus 5



MG599863 Wēnlǐng frogfish arenavirus 1



KR870031 Haartman Institute snake virus 1



U73034 Lassa virus



KR870022 University of Giessen virus 1



MN793997 Tulasnella bunyavirales-like virus 1



KP710246 Ferak virus



KM817692 Wǔhàn insect virus 2



KP710232 jonchet virus



KM817680 Shuāngào insect virus 2



KX884775 Húběi odonate virus 8



KX884786 Húběi odonate virus 9



KM102249 Láibīn virus



KJ420567 Imjin virus



X55901 Hantaan virus



D10066 tomato spotted wilt virus



X93218 impatiens necrotic spot virus



AY563040 European mountain ash ringspot associated virus



KX884856 Wēnlǐng crustacean virus 9



KM817679 Shuāngào insect virus 1



JQ659256 Herbert virus



KM225254 Pacui virus



X14383 Bunyamwera virus



AF528165 La Crosse virus



KM817674 Sānxiá water strider virus 1



KM817676 Shāyáng spider virus 1



AY389361 Crimean-Congo hemorrhagic fever virus



KP792744 Artashat virus



AY618417 maize fine streak virus



KY549567 potato yellow dwarf virus



FR751552 eggplant mottled dwarf virus100
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