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Abstract
	
The Limnipivirus genus presently comprises three species, Limnipivirus A, B and C. Another limnipivirus-like virus has been detected in gut/liver/gill organ pools of the spotted longbarbel catfish (Hemibagrus guttatus) in China. The virus has a typical picornavirus genome layout (5'-UTR[1AB-1C-1D-2A1npgp/2A2npgp/2A3npgp/2A4H-box/NC-2B-2Chel/3A-3BVPg-3Cpro-3Dpol]3'UTR) and significant sequence similarities to limnipiviruses (48.1-50.1% for P1, 62.5-71.5% for 2Chel, 71.7-75.1% for 3Cpro and 51.8-57.6% for 3Dpol) which justifies assignment to the genus Limnipivirus, but to a new species, Limnipivirus D. Divergences to sequences of other picornavirus genera are >72% for P1, >70% for 2Chel, >77% for 3Cpro and 61% for 3Dpol.




Text of proposal
		Create one new species, Limnipivirus D, in the genus Limnipivirus
The Limnipivirus genus presently comprises three species, Limnipivirus A, B and C. The known limnipiviruses infect freshwater fish and have been detected in tissue samples of various organs. Viable bluegill picornavirus and carp picornavirus has been isolated. Novel limnipivirus-like viruses were detected in organ pools (gut, liver, gill) of the bighead beaked sandfish (Gonorynchus abbreviatus) and the spotted longbarbel catfish (Hemibagrus guttatus) (Shi et al. 2018). Whereas the Wenling bighead beaked sandfish picornavirus comprises a second type of Limnipivirus B, the Guangdong spotted longbarbel catfish picornavirus exhibits differences which justify assignment to a new Limnipivirus species.

Relation to other picornaviruses:
1.	The Guangdong spotted longbarbel catfish picornavirus has a typical picornavirus genome layout:
	5'-UTR[1AB-1C-1D/2A1npgp-2A2npgp-2A3npgp-2A4H-box/NC-2B-2Chel/3A-3BVPg-3Cpro-3Dpol]3'UTR
	(compare Fig. 1 of supporting material)

2.	The Guangdong spotted longbarbel catfish picornavirus possesses typical hallmarks of picornaviruses: 
	capsid proteins: 1AB, 1C, 1D have rhv domains with drug-binding site, 
	2Chel: GxxGxGKS motif of helicases,
	3BVPg: Y-3 residue,
	3Cpro: CxCGx14GxH motif,
	3Dpol: KDE, PSG, YGDD, FLKR motifs

3.	Phylogenetic analyses indicate clustering with the sequences of the picornavirus supergroup 4 (Aalivirus, Aquamavirus, Avihepatovirus, Avisivirus, Crohivirus, Grusopivirus, Kunsagivirus, Limnipivirus, Orivirus, Parechovirus, Pasivirus, Potamipivirus, Shanbavirus) in the P1 and 3D trees (compare Figs. 2 & 3 of supporting material). Closest relatives are limnipiviruses.

Distinguishing features of limnipivirus D1 (Guangdong spotted longbarbel catfish picornavirus) compared to other limnipiviruses: 
1.	The Guangdong spotted longbarbel catfish picornavirus has three 2A proteins with a NPGP sequence motifs, whereas the other limnipiviruses have only two such proteins.

2.	Protein 2A4 of the Guangdong spotted longbarbel catfish picornavirus has a H-box/NC sequence motif whereas the other limnipiviruses lack such a protein (compare Fig. 1).

3.	Within-genus divergence (uncorrected p-distances) in comparisons with other limnipiviruses are >60% for the polyprotein, 48.1-50.1% for P1, 62.5-71.5% for 2Chel, 71.7-75.1% for 3Cpro and 51.8-57.6% for 3Dpol (compare Tables 1, 2). The divergence data suggest a new limnipivirus species, Limnipivirus D, with 1 type, limnipivirus D1 (GenBank acc. nos. MG600094).

4.	Sequence divergence (uncorrected p-distances) of orthologous proteins is high in pairwise comparisons with 40 acknowledged and proposed species of picornavirus supergroup 4. The amino acid divergences range from 72.8–81.9% for P1, 70.3–80.6% for 2Chel, 77.4–89.0% for 3Cpro and 61.2–71.8% for 3Dpol (compare Table 3). 


Species demarcation criteria
Members of a species of the genus Limnipivirus 
	- share a common genome organization,
	- are less than 45% divergent in the polyprotein sequence,
	- are less than 25% divergent in the P1 aa sequence
	- are less than 45% divergent in the 2C+3CD aa sequence.


Exemplar virus of species: 
Limnipivirus D, limnipivirus D1 (Guangdong spotted longbarbel catfish picornavirus, GenBank acc. no. MG600094.











Supporting evidence

Table 2: Diversities
	
	LimV-A1
(BGPV)
	LimV-B1
(CPV)
	LimV-B2
	LimV-C1
(FHMPV)
	LimV-D1

	Polyprotein

	LimV-A1 (BGPV)
	-
	
	
	
	

	LimV-B1 (CPV)
	0.571
	-
	
	
	

	LimV-B2
	0.569
	0.364
	-
	
	

	LimV-C1 (FHMPV)
	0.576
	0.477
	0.490
	-
	

	LimV-D1
	0.605
	0.633
	0.626
	0.625
	-

	P1 protein

	LimV-A1 (BGPV)
	
	
	
	
	

	LimV-B1 (CPV)
	0.413
	-
	
	
	

	LimV-B2
	0.428
	0.203
	-
	
	

	LimV-C1 (FHMPV)
	0.426
	0.293
	0.323
	-
	

	LimV-D1
	0.501
	0.491
	0.492
	0.481
	-

	2C protein

	LimV-A1 (BGPV)
	-
	
	
	
	

	LimV-B1 (CPV)
	0.553
	-
	
	
	

	LimV-B2
	0.528
	0.385
	-
	
	

	LimV-C1 (FHMPV)
	0.577
	0.509
	0.482
	-
	

	LimV-D1
	0.625
	0.715
	0.686
	0.678
	-

	3C protein

	LimV-A1 (BGPV)
	-
	
	
	
	

	LimV-B1 (CPV)
	0.677
	-
	
	
	

	LimV-B2
	0.675
	0.382
	-
	
	

	LimV-C1 (FHMPV)
	0.665
	0.630
	0.648
	-
	

	LimV-D1
	0.717
	0.737
	0.751
	0.724
	-

	3D protein

	LimV-A1(BGPV)
	-
	
	
	
	

	LimV-B1 (CPV)
	0.506
	-
	
	
	

	LimV-B2
	0.496
	0.322
	-
	
	

	LimV-C1 (FHMPV)
	0.509
	0.416
	0.429
	-
	

	LimV-D1
	0.518
	0.565
	0.576
	0.561
	-





Table 3: Diversities of orthologous proteins *						
Limnipivirus D1 (Guangdong spotted longbarbel catfish picornavirus) vs.	P1	2Chel	3Cpro	3Dpol	
Limnipivirus	Limnipivirus A					50.1%	62.5%	71.7%	51.8%
			Limnipivirus B					49.1%	71.5%	73.7%	56.5%
			Limnipivirus C					48.1%	67.8%	72.4%	56.1%
Aalivirus		Aalivirus A					80.5%	75.3%	83.9%	61.4%
Aquamavirus	Aquamavirus A					80.6%	77.9%	84.0%	71.8%
Avihepatovirus	Avihepatovirus A					77.5%	75.6%	86.4%	64.0%
Avisivirus		Avisivirus A					81.8%	73.3%	84.7%	67.6%
			Avisivirus B					79.5%	76.3%	83.3%	64.9%
			Avisivirus C					80.8%	73.8%	85.5%	66.8%
Crohivirus	Crohivirus A					76.0%	76.0%	85.9%	63.8%
			Crohivirus B					76.0%	77.0%	85.3%	64.5%
Grusopivirus	Grusopivirus A					80.0%	74.7%	82.7%	65.8%
			Grusopivirus B					78.7%	77.1%	85.5%	61.9%
Kunsagivirus	Kunsagivirus A					83.1%	77.8%	84.4%	70.9%
			Kunsagivirus B					81.9%	77.1%	86.8%	71.3%
			Kunsagivirus C					79.6%	76.5%	84.4%	69.9%
Orivirus		Orivirus A						79.4%	74.2%	85.4%	66.5%
Parechovirus	Parechovirus A					78.6%	76.2%	85.8%	63.0%
			Parechovirus B					78.4%	75.2%	88.0%	62.0%
			Parechovirus C					79.7%	73.6%	89.0%	62.2%
			Parechovirus D					77.4%	75.9%	85.3%	61.4%
			Parechovirus E					78.6%	76.9%	86.9%	64.5%
			Parechovirus F					78.8%	75.5%	83.9%	61.5%
Pasivirus		Pasivirus A					80.5%	77.2%	81.6%	69.3%
Potamipivirus	Potamipivirus A					77.7%	74.4%	79.8%	61.2%
			Potamipivirus B					78.2%	74.8%	78.7%	62.7%
Shanbavirus	Shanbavirus A					81.8%	80.6%	82.1%	68.2%
unassigned	Beihai conger picornavirus				79.0%	74.1%	80.2%	64.9%
unassigned	Wenling brown-lined puffer picornavirus		78.9%	78.0%	84.1%	64.6%
unassigned	Wenling fish picornavirus				79.1%	77.4%	83.1%	61.2%
unassigned	Wenling hoplichthys picornavirus			80.4%	76.4%	77.4%	62.6%
unassigned	Wenling lepidotrigla picornavirus			77.4%	77.7%	77.4%	63.1%
unassigned	Wenling rattails picornavirus				79.8%	70.3%	79.9%	64.3%
unassigned	Wenling scaldfish picornavirus 1			77.1%	74.3%	79.0%	62.6%
unassigned	Wenling scaldfish picornavirus 2			79.9%	72.9%	85.6%	63.9%
unassigned	Wenling thamnaconus septentrionalis picornavirus	79.2%	78.2%	85.8%	67.2%
unassigned	Western African lungfish picornavirus			72.8%	72.4%	81.3%	62.5%
unassigned	Wuhan carp picornavirus				78.8%	74.7%	80.0%	64.2%
unassigned	Wuhan sharpbelly picornavirus 1			79.4%	76.5%	83.1%	62.8%
unassigned	Yancheng osbecks grenadier anchovy picornavirus	81.5%	75.9%	78.4%	62.7%	
* number of amino acid differences per site							





Figure 1: Genome organisation of limnipiviruses (schematic depiction). The genomes of limnipiviruses A1, B1, B2, C1 are is compared to the genome of the Guangdong spotted longbarbel catfish picornavirus, the exemplar virus of Limnipivirus D. The open reading frame is indicated by a box. Position of putative 3Cpro cleavage sites are indicated by a  and the NPGP motif by a #. Non-orthologous 2A proteins are printed in colour. The names and lengths of the deduced proteins are presented. The 5’-UTRs may be incomplete.



Figure 2: Phylogenetic analysis of picornavirus P1 protein using Bayesian tree inference (MrBayes 3.2). Sixty-one picornavirus sequences of the Aalivirus/Aquamavirus/Avihepatovirus/Avisivirus/ Crohivirus/Grusopivirus/Kunsagivirus/Limnipivirus/Orivirus/Parechovirus/Pasivirus/Potamipivirus/ Shanbavirus supergroup were retrieved from GenBank; the cardiovirus sequence served as outgroup. [Note: the supergroup does not imply a taxonomic entity but reflects phylogenetic clustering of the respective genera observed in different tree inference methods (NJ, ML, Bayesian MCMC).] Presented are GenBank accession numbers, species names, type and—if available—common names in round brackets. Designations of isolates are given in square brackets. Genus names are presented at the right. Yet unassigned viruses are printed in blue. The proposed name is printed in red and indicated by a dot (). Numbers at nodes indicate posterior probabilities obtained after 2,000,000 generations. The optimal substitution model (GTR+G+I) was determined with MEGA 5. The scale indicates substitutions/site.





Figure 3: Phylogenetic analysis of picornavirus 3D protein using Bayesian tree inference (MrBayes 3.2). Sixty picornavirus sequences of the Aalivirus/Aquamavirus/Avihepatovirus/Avisivirus/ Crohivirus/Grusopivirus/Kunsagivirus/Limnipivirus/Orivirus/Parechovirus/Pasivirus/Potamipivirus/ Shanbavirus supergroup were retrieved from GenBank; the cardiovirus sequence served as outgroup. [Note: the supergroup does not imply a taxonomic entity but reflects phylogenetic clustering of the respective genera observed in different tree inference methods (NJ, ML, Bayesian MCMC).] Presented are GenBank accession numbers, species names, type and—if available—common names in round brackets. Designations of isolates are given in square brackets. Genus names are presented at the right. Yet unassigned viruses are printed in blue. The proposed name is printed in red and indicated by a dot (). Asterisks (*) indicate incomplete genomes. Numbers at nodes indicate posterior probabilities obtained after 2,000,000 generations. The optimal substitution model (GTR+G+I) was determined with MEGA 5. The scale indicates substitutions/site.
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Limnipivirus A, limnipivirus A1 (bluegill picornavirus) [04-032], JX134222
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Limnipivirus B, limnipivirus B2 (Wenling bighead beaked sandfish picornavirus) [XQTMC45688], MG600092
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proposed: limnipivirus D1 (Guangdong spotted longbarbel catfish picornavirus) [GDDSYC43605], MG600094
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Limnipivirus B, limnipivirus B1 (carp picornavirus) [F37/06], KF306267
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Limnipivirus C, limnipivirus C1 (fathead minnow picornavirus) [FHMPV-1], KF183915
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KC465954, Avihepatovirus A, avihepatovirus A1 (duck hepatitisA virus1) [03D]

DQ249300, AvihepatovirusA, avihepatovirus A1 (duck hepatitisA virus1) [H]

DQ256132, AvihepatovirusA, avihepatovirus A3 (duck hepatitisA virus3) [AP-03337]

KX290465, Avihepatovirus A, avihepatovirus A3 (duck hepatitisvirus3) [HBGT/China/2014]

EF067924, Avihepatovirus A, avihepatovirus A2 (duck hepatitisvirus2) [90D]

EF067923, Avihepatovirus A, avihepatovirus A2 (duck hepatitisvirus2) [04G]

KJ000696, Aalivirus A, aalivirusA1 (duck picornavirus) [GL/12]

KC465954, Avisivirus A, avisivirusA1 (turkey avisivirus) [turkey/M176-TuASV/2011/HUN]

KC614703, Avisivirus A, avisivirusA1 (turkey avisivirus) [USA-IN1/2010]

KF979334, Avisivirus C, avisivirusC1 (chickenpicornavirus3) [45C]

KT880669, Avisivirus C, avisivirusC1 (Pf-CHK1/AsV]

KF979333, Avisivirus B, avisivirusB1 (chickenpicornavirus2) [44C]

KM203656, Orivirus A, orivirusA1 [chicken/Pf-CHK1/2013/HUN]

KT880667, Orivirus A, orivirusA2 [Pf-CHK1/OrV-A2]

KY312545, Grusopivirus B, grusopivirusB1 (cranepicornavirus6) [yc-6]

KY312543, cranepicornavirus4 [yc-4] *

MK443503, lorikeetpicornavirus[LoPV-1/China/2015]

KY312542, cranepicornavirus3 [yc-3] *

KY312544, Grusopivirus A, grusopivirusA1 (cranepicornavirua5) [yc-5]

KF306267, LimnipivirusB, limnipivirusB1 (carppicornavirus)[F37/06]

MG600092, Limnipivirus B, limnipivirusB2 (Wenlingbigheadbeakedsandfishpicornavirus) [XQTMC45688]

KF183915, LimnipivirusC, limnipivirusC1 (fatheadminnowpicornavirus[FHMPV-1]

JX134222, LimnipivirusA, limnipivirusA1 (bluegillpicornavirus) [04-032]

MG600094, Limnipivirus E, limnipivirusE1 (Guangdong spottedlongbarbelcatfishpicornavirus) [GDDSYC43605]



MG600102, Western African lungfishpicornavirus[FZFYF120546]

KC935379, KunsagivirusA, kunsagivirusA1 [roller/SZAL6-KuV/2011/HUN]

KY670597, KunsagivirusC, kunsagivirusC1 (bakunsavirus) [baboon/M27-KuV/1986/TAN]

KX644936, KunsagivirusB, kunsagivirusB1 (bat kunsagivirus) [Bat/CAM/KuV-P2/2013]

EU142040, Aquamavirus A, aquamavirusA1 (sealpicornavirus) [HO.02.21]

MH760796, Aquamavirus A, aquamavirusA2 (bearpicornavirus) [CH-1]

JQ316470, Pasivirus A, pasivirusA1 (swine pasivirus1) [swine/France/2011]

JX491648, Pasivirus A, pasivirusA2 [swine/China/2010/PLV-CHN]

LT898422, Pasivirus A, pasivirusA4 [GER/L01061-K07/15-03/2015]

MG674090, Pasivirus A, pasivirusA4 [US/17-50816IA60467-1/2001]

KM259923, Pasivirus A, pasivirusA3 [swine/Zsana1/2013/HUN]

LT898429, Pasivirus A, pasivirusA3 [GER/L00799-K11/14-01/2014]

AB937989, Crohivirus A, crohivirusA1[ZM54]

KX644937, Crohivirus B, crohivirusB1(bat crohivirus) [Bat/CAM/CroV-P25/2013]

KJ641698, ShanbavirusA, shanbavirusA1 (bat picornavirus) [BtMf-PicoV-1/SAX2011]

JQ814853, ShanbavirusA, shanbavirusA1 (Rhinolophusaffinispicornavirus1)

AF327920, Parechovirus B, parechovirusB1 (Ljunganvirus1) [87-012]

KY432929, Parechovirus B, parechovirusB6 [RtMrut-PicoV/JL2014-2]

KY645497, Parechovirus E, parechovirusE1 (falconpicornavirus)

HF677705, Parechovirus C, parechovirusC1 (Sebokelevirus) [An/B/1227/d]

L02971, Parechovirus A, parechovirusA1 [Harris]

KF006989, Parechovirus D, parechovirusD1 (ferretparechovirus) [MpPeV1]

MG600084, Parechovirus F, parechovirusF1 (Yili teratoscincusroborowskiipicornavirus2) [LPWC210215]

MG600066, unassigned, Wuhan carppicornavirus[DSYC18088]

MG600101, unassigned, Wenlinghoplichthyspicornavirus[XYXMC41402]

MG600065, unassigned, Beihaicongerpicornavirus[BHFishC188617]

MG600079, unassigned, Wenlinglepidotriglapicornavirus[YXMC111438]

MG600099, unassigned, Yanchengosbecksgrenadieranchovy picornavirus[XFXMC15460]

MK189163, PotamipivirusB, potamipivirusB1 (threespinestiplebackpicornavirus) [TSPV]
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MG600096, unassigned, Wenlingscaldfishpicornavirus1 [XDXMC49056]

MG600097, unassigned, Wenlingscaldfishpicornavirus2 [XDXMC61459]

MG600077, unassigned, Wenlingrattailspicornavirus[XYHYC192101]

MG600100, unassigned, Wenlingbrown-linedpufferpicornavirus[XTXMC52140]

MG600078, unassigned, Wenlingfishpicornavirus1 [XYHYC180303]

MG600067, unassigned, Wuhan sharpbellypicornavirus1 [DSYC20078]

MG600080, unassigned, Wenlingthamnaconusseptentrionalispicornavirus[LQMMT1208]

M81861, Cardiovirus A, cardiovirusA1 (EMCV-1) [R]
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 KC465954, Avihepatovirus A, avihepatovirus A1 (duck hepatitis A virus 1) [03D]



 DQ249300, Avihepatovirus A, avihepatovirus A1 (duck hepatitis A virus 1) [H]





 DQ256132, Avihepatovirus A, avihepatovirus A3 (duck hepatitis A virus 3) [AP-03337]



 KX290465, Avihepatovirus A, avihepatovirus A3 (duck hepatitis virus 3) [HBGT/China/2014]







 EF067924, Avihepatovirus A, avihepatovirus A2 (duck hepatitis virus 2) [90D]



 EF067923, Avihepatovirus A, avihepatovirus A2 (duck hepatitis virus 2) [04G]







 KJ000696, Aalivirus A, aalivirus A1 (duck picornavirus) [GL/12]





 KC465954, Avisivirus A, avisivirus A1 (turkey avisivirus) [turkey/M176-TuASV/2011/HUN]



 KC614703, Avisivirus A, avisivirus A1 (turkey avisivirus) [USA-IN1/2010]





 KF979334, Avisivirus C, avisivirus C1 (chicken picornavirus 3) [45C]



 KT880669, Avisivirus C, avisivirus C1 (Pf-CHK1/AsV]







 KF979333, Avisivirus B, avisivirus B1 (chicken picornavirus 2) [44C]







 KM203656, Orivirus A, orivirus A1 [chicken/Pf-CHK1/2013/HUN]



 KT880667, Orivirus A, orivirus A2 [Pf-CHK1/OrV-A2]







 KY312545, Grusopivirus B, grusopivirus B1 (crane picornavirus 6) [yc-6]



 KY312543, crane picornavirus 4 [yc-4] *





 MK443503, lorikeet picornavirus [LoPV-1/China/2015]





 KY312542, crane picornavirus 3 [yc-3] *





 KY312544, Grusopivirus A, grusopivirus A1 (crane picornavirua 5) [yc-5]







 KF306267, Limnipivirus B, limnipivirus B1 (carp picornavirus) [F37/06]



 MG600092, Limnipivirus B, limnipivirus B2 (Wenling bighead beaked sandfish picornavirus) [XQTMC45688]





 KF183915, Limnipivirus C, limnipivirus C1 (fathead minnow picornavirus [FHMPV-1]





 JX134222, Limnipivirus A, limnipivirus A1 (bluegill picornavirus) [04-032]





 MG600094, Limnipivirus E, limnipivirus E1 (Guangdong spotted longbarbel catfish picornavirus) [GDDSYC43605] 





 MG600102, Western African lungfish picornavirus [FZFYF120546]







 KC935379, Kunsagivirus A, kunsagivirus A1 [roller/SZAL6-KuV/2011/HUN]



 KY670597, Kunsagivirus C, kunsagivirus C1 (bakunsa virus) [baboon/M27-KuV/1986/TAN]





 KX644936, Kunsagivirus B, kunsagivirus B1 (bat kunsagivirus) [Bat/CAM/KuV-P2/2013]





 EU142040, Aquamavirus A, aquamavirus A1 (seal picornavirus) [HO.02.21]



 MH760796, Aquamavirus A, aquamavirus A2 (bear picornavirus) [CH-1]









 JQ316470, Pasivirus A, pasivirus A1 (swine pasivirus 1) [swine/France/2011]



 JX491648, Pasivirus A, pasivirus A2 [swine/China/2010/PLV-CHN]





 LT898422, Pasivirus A, pasivirus A4 [GER/L01061-K07/15-03/2015]



 MG674090, Pasivirus A, pasivirus A4 [US/17-50816IA60467-1/2001]







 KM259923, Pasivirus A, pasivirus A3 [swine/Zsana1/2013/HUN]



 LT898429, Pasivirus A, pasivirus A3 [GER/L00799-K11/14-01/2014]







 AB937989, Crohivirus A, crohivirus A1 [ZM54]



 KX644937, Crohivirus B, crohivirus B1 (bat crohivirus) [Bat/CAM/CroV-P25/2013]







 KJ641698, Shanbavirus A, shanbavirus A1 (bat picornavirus) [BtMf-PicoV-1/SAX2011]



 JQ814853, Shanbavirus A, shanbavirus A1 (Rhinolophus affinis picornavirus 1)







 AF327920, Parechovirus B, parechovirus B1 (Ljungan virus 1) [87-012]



 KY432929, Parechovirus B, parechovirus B6 [RtMrut-PicoV/JL2014-2]





 KY645497, Parechovirus E, parechovirus E1 (falcon picornavirus)





 HF677705, Parechovirus C, parechovirus C1 (Sebokele virus) [An/B/1227/d]





 L02971, Parechovirus A, parechovirus A1 [Harris]





 KF006989, Parechovirus D, parechovirus D1 (ferret parechovirus) [MpPeV1]



 MG600084, Parechovirus F, parechovirus F1 (Yili teratoscincus roborowskii picornavirus 2) [LPWC210215]











 MG600066, unassigned, Wuhan carp picornavirus [DSYC18088]



 MG600101, unassigned, Wenling hoplichthys picornavirus [XYXMC41402]





 MG600065, unassigned, Beihai conger picornavirus [BHFishC188617]



 MG600079, unassigned, Wenling lepidotrigla picornavirus [YXMC111438]







 MG600099, unassigned, Yancheng osbecks grenadier anchovy picornavirus [XFXMC15460]





 MK189163, Potamipivirus B, potamipivirus B1 (threespine stipleback picornavirus) [TSPV]



 KC843627, Potamipivirus A, potamipivirus A1 (eel picornavirus) [F15/05]







 MG600096, unassigned, Wenling scaldfish picornavirus 1 [XDXMC49056]



 MG600097, unassigned, Wenling scaldfish picornavirus 2 [XDXMC61459]





 MG600077, unassigned, Wenling rattails picornavirus [XYHYC192101]





 MG600100, unassigned, Wenling brown-lined puffer picornavirus [XTXMC52140]







 MG600078, unassigned, Wenling fish picornavirus 1 [XYHYC180303]





 MG600067, unassigned, Wuhan sharpbelly picornavirus 1 [DSYC20078]



 MG600080, unassigned, Wenling thamnaconus septentrionalis picornavirus [LQMMT1208]









 M81861, Cardiovirus A, cardiovirus A1 (EMCV-1) [R]
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JQ316470, Pasivirus A, pasivirus A1 [swine/France/2011]

KM259923, Pasivirus A, pasivirus A3 [swine/Zsana1/2013/HUN]
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AB937989, Crohivirus A, crohivirus A1 [ZM54]
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MG600084, Parechovirus F, parechovirus F1 (Yili teratoscincus roborowskii picornavirus 2) [LPWC210215]

KF306267, Limnipivirus B, limnipivirus B1 (carp picornavirus) [F37/06]

MG600092, Limnipivirus B, limnipivirus B2 (Wenling bighead beaked sandfish picornavirus) [XQTMC45688]

KF183915, Limnipivirus C, limnipivirus C1 (fathead minnow picornavirus) [FHMPV-1]

JX134222, Limnipivirus A, limnipivirus A1 (bluegill picornavirus) [04-032]

MG600094, Limnipivirus D, limnipivirusD1 (Guangdong spottedlongbarbelcatfishpicornavirus) [GDDSYC43605] 
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MG600102, Western African lungfish picornavirus [FZFYF120546]
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MG600071, Beihai pentapodus picornavirus [LXMC175911]

MK189163, Potamipivirus B, potamipivirus B1 (threespine stipleback picornavirus) [TSPV]

MG600098, Wenling pleuronectiformes picornavirus [XDXMG712]

KC843627, Potamipivirus A, potamipivirus A1 (eel picornavirus) [F15/05]

MG600065, Beihai conger picornavirus [BHFishC188617]

MG600101, Wenling hoplichthys picornavirus [XYXMC41402]

MG600079, Wenling lepidotrigla picornavirus [YXMC111438]

MG600066, Wuhan carp picornavirus [DSYC18088]

MG600099, Yancheng osbecks grenadier anchovy picornavirus [XFXMC15460]

MG600078, Wenling fish picornavirus 1 [XYHYC180303]

MG600080, Wenling thamnaconus septentrionalis picornavirus [LQMMT1208]

MG600067, Wuhan sharpbelly picornavirus 1 [DSYC20078]

EF067924, Avihepatovirus A, avihepatovirus A2 (duck hepatitis virus 2) [90D]

EF067923, Avihepatovirus A, avihepatovirus A2 (duck hepatitis virus 2) [04G]

DQ256132, Avihepatovirus A, avihepatovirus A3 (duck hepatitis A virus 3) [AP-03337]

KX290465, Avihepatovirus A, avihepatovirus A3 (duck hepatitis virus 3) [HBGT/China/2014]

KC465954, Avihepatovirus A, avihepatovirus A1 (duck hepatitis A virus 1) [03D]

DQ249300, Avihepatovirus A, avihepatovirus A1 (duck hepatitis A virus 1) [H]

KY312544, Grusopivirus A, grusopivirus A1 [yc-5]

MK443503, lorikeet picornavirus [LoPV-1/China/2015]

KY312545, Grusopivirus B, grusopivirus B1 [yc-6]

KC465954, Avisivirus A, avisivirus A1 (turkey avisivirus) [turkey/M176-TuASV/2011/HUN]

KC614703, Avisivirus A, avisivirus A1 (turkey avisivirus) [USA-IN1/2010]

KF979334, Avisivirus C, avisivirus C1 (chicken picornavirus 3) [45C]

KT880669, Avisivirus C, avisivirus C1 [Pf-CHK1/AsV]

KF979333, Avisivirus B, avisivirus B1 (chicken picornavirus 2) [44C]

KJ000696, Aalivirus A, aalivirus A1 (duck picornavirus) [GL/12]

KM203656, Orivirus A, orivirus A1 [chicken/Pf-CHK1/2013/HUN]

KT880667, Orivirus A, orivirus A2 [Pf-CHK1/OrV-A2]

KC935379, Kunsagivirus A, kunsagivirus A1 [roller/SZAL6-KuV/2011/HUN]

KX644936, Kunsagivirus B, kunsagivirus B1 (bat kunsagivirus) [Bat/CAM/KuV-P2/2013]

KY670597, Kunsagivirus A, kunsagivirus C1 (Bakunsa virus) [baboon/M27-KuV/1986/TAN]

EU142040, Aquamavirus A, aquamavirus A1 (seal picornavirus) [HO.02.21]

MH760796, Aquamavirus A, aquamavirus A2 (bear picornavirus) [CH-1]

M81861, Cardiovirus A, cardiovirus A1 (encephalomyocarditisvirus 1) [R]
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 JQ316470, Pasivirus A, pasivirus A1 [swine/France/2011]



 KM259923, Pasivirus A, pasivirus A3 [swine/Zsana1/2013/HUN]





 LT898429, Pasivirus A, pasivirus A3 [SPaV-A/GER/L00799-K11/14-01/2014]





 LT898422, Pasivirus A, pasivirus A4 [SPaV-A/GER/L01061-K07/15-03/2015]





 MG674090, Pasivirus A, pasivirus A4 [SPaV1/US/17-50816IA60467-1/2001]





 JX491648, Pasivirus A, pasivirus A2 [swine/China/2010/PLV-CHN]





 KJ641698, Shanbavirus A, shanbavirus A1 (bat picornavirus) [BtMf-PicoV-1/SAX2011]





 AB937989, Crohivirus A, crohivirus A1 [ZM54]



 KX644937, Crohivirus B, crohivirus B1 (bat crohivirus) [Bat/CAM/CroV-P25/2013]







 AF327920, Parechovirus B, parechovirus B1 (Ljungan virus) [87-012]



 KY432929, Parechovirus B, parechovirus B6 [RtMrut-PicoV/JL2014-2]





 HF677705, Parechovirus C, parechovirus C1 (Sebokele virus) [An/B/1227/d]





 KY645497, Parechovirus E, parechovirus E1 (falcon picornavirus) [falcon/HA18-080/2014/HUN]





 L02971, Parechovirus A, parechovirus A1 [Harris]





 KF006989, Parechovirus D, parechovirus D1 (ferret parechovirus) [MpPeV1]



 MG600084, Parechovirus F, parechovirus F1 (Yili teratoscincus roborowskii picornavirus 2) [LPWC210215]









 KF306267, Limnipivirus B, limnipivirus B1 (carp picornavirus) [F37/06]



 MG600092, Limnipivirus B, limnipivirus B2 (Wenling bighead beaked sandfish picornavirus) [XQTMC45688]





 KF183915, Limnipivirus C, limnipivirus C1 (fathead minnow picornavirus) [FHMPV-1]





 JX134222, Limnipivirus A, limnipivirus A1 (bluegill picornavirus) [04-032]





 MG600094, Limnipivirus D, limnipivirus D1 (Guangdong spotted longbarbel catfish picornavirus) [GDDSYC43605] 





 MG600102, Western African lungfish picornavirus [FZFYF120546]







 MG600096, Wenling scaldfish picornavirus 1 [XDXMC49056]



 MG600097, Wenling scaldfish picornavirus 2 [XDXMC61459]





 MG600077, Wenling rattails picornavirus [XYHYC192101]





 MG600100, Wenling brown-lined puffer picornavirus [XTXMC52140]





 MG600071, Beihai pentapodus picornavirus [LXMC175911]





 MK189163, Potamipivirus B, potamipivirus B1 (threespine stipleback picornavirus) [TSPV]



 MG600098, Wenling pleuronectiformes picornavirus [XDXMG712]





 KC843627, Potamipivirus A, potamipivirus A1 (eel picornavirus) [F15/05]







 MG600065, Beihai conger picornavirus [BHFishC188617]



 MG600101, Wenling hoplichthys picornavirus [XYXMC41402]





 MG600079, Wenling lepidotrigla picornavirus [YXMC111438]
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 MG600099, Yancheng osbecks grenadier anchovy picornavirus [XFXMC15460]





 MG600078, Wenling fish picornavirus 1 [XYHYC180303]



 MG600080, Wenling thamnaconus septentrionalis picornavirus [LQMMT1208]





 MG600067, Wuhan sharpbelly picornavirus 1 [DSYC20078]









 EF067924, Avihepatovirus A, avihepatovirus A2 (duck hepatitis virus 2) [90D]
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 DQ256132, Avihepatovirus A, avihepatovirus A3 (duck hepatitis A virus 3) [AP-03337]



 KX290465, Avihepatovirus A, avihepatovirus A3 (duck hepatitis virus 3) [HBGT/China/2014]
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 DQ249300, Avihepatovirus A, avihepatovirus A1 (duck hepatitis A virus 1) [H]







 KY312544, Grusopivirus A, grusopivirus A1 [yc-5]



 MK443503, lorikeet picornavirus [LoPV-1/China/2015]





 KY312545, Grusopivirus B, grusopivirus B1 [yc-6]







 KC465954, Avisivirus A, avisivirus A1 (turkey avisivirus) [turkey/M176-TuASV/2011/HUN]



 KC614703, Avisivirus A, avisivirus A1 (turkey avisivirus) [USA-IN1/2010]





 KF979334, Avisivirus C, avisivirus C1 (chicken picornavirus 3) [45C]



 KT880669, Avisivirus C, avisivirus C1 [Pf-CHK1/AsV]







 KF979333, Avisivirus B, avisivirus B1 (chicken picornavirus 2) [44C]
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 KM203656, Orivirus A, orivirus A1 [chicken/Pf-CHK1/2013/HUN]
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 KY670597, Kunsagivirus A, kunsagivirus C1 (Bakunsa virus) [baboon/M27-KuV/1986/TAN]





 EU142040, Aquamavirus A, aquamavirus A1 (seal picornavirus) [HO.02.21]



 MH760796, Aquamavirus A, aquamavirus A2 (bear picornavirus) [CH-1]









 M81861, Cardiovirus A, cardiovirus A1 (encephalomyocarditis virus 1) [R]











0.5

3D



Aquamavirus



Cardiovirus



Kunsagivirus



Orivirus



Aalivirus



Avisivirus



Grusopivirus



Avihepatovirus



Parechovirus



Crohivirus



Shanbavirus



Pasivirus



Limnipivirus



Potamipivirus



unassigned



unassigned



unassigned

 0.84 

 0.72 

 0.97 

 0.97 

 1 

 1 

 0.78 

 0.97 

 1 

 0.99 

 0.78 

 1 

 1 

 1 

 0.95 

 1 

 1 

 0.74 

 1 

 1 

 1 

 0.99 

 0.62 

 1 

 0.89 

 1 

 0.93 

 1 

 0.99 

 1 

 0.84 

 0.77 

 1 

 0.98 

 0.65 

 0.99 

 0.99 

 0.95 

 1 

 1 

 1 

 1 

 1 

 1 

 0.9 

 1 

 1 

 1 

 1 

 1 

 1 

 0.98 

 1 

 1 

 1 

 0.97 

 1 

 1 

 1 












image1.png




image2.emf
Limnipivirus A, limnipivirusA1 (bluegill picornavirus) [04-032], JX134222
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Limnipivirus B, limnipivirusB2 (Wenlingbigheadbeaked sandfishpicornavirus) [XQTMC45688], MG600092
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proposed:limnipivirusD1 (Guangdong spotted longbarbelcatfishpicornavirus) [GDDSYC43605], MG600094
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Limnipivirus B, limnipivirusB1 (carp picornavirus) [F37/06], KF306267
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E

1501

/A

1502

E

1540

/S

1541

E

1745

/G

1746

A

2269

3'-UTR

366 nt

nt7697

nt525

nt7331

5'-UTR

524 nt

NPG

707

/P

708

#

2A1

17 aa

2A2

133 aa

NPG

840

/P

841

#

2A3

105 aa

E

945

/I

946

Limnipivirus C, limnipivirusC1 (fathead minnowpicornavirus) [FHMPV-1], KF183915

A

(n)

1AB

239 aa

1C

232 aa

1D

266 aa

2B

132 aa

3B

30 aa

3A

88 aa

2Chel

334 aa

3Dpol

513 aa

3Cpro

201 aa

Q

239

/G

240

M

1

Q

471

/G

472

Q

737

/G

738

A

1144

/E

1145

Q

1478

/A

1479

E

1566

/A

1567

Q

1596

/A

1597

Q

1797

/G

1798

D

2310

3'-UTR

315 nt

nt7746

nt501

nt7431

5'-UTR

501 nt

NPG

770

/P

771

#

2A1

33 aa

2A2

132 aa

NPG

902

/P

903

#

2A3

110 aa

E

1012

/S

1013


