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Create one new species (Tremovirus B) in the genus Tremovirus

The genus Tremovirus presently consists of only one species, Tremovirus A, with one type. Novel, tremovirus-like picornaviruses were detected in organ pools (gut, liver, lungs) of Chinese softshell turtles (Pelodiscus sinensis) and Chinese broad-headed pond turtles (Mauremys megalocephala) from China (Shi et al., 2018). These viruses differ from the pemapiviruses (see accompanying proposal) which were detected in the same hosts. These viruses presumably represent two types of a second tremovirus species, designated tremovirus B1 (Chinese softshell turtle picornavirus 2) and tremovirus B2 (Chinese broad-headed pond turtle picornavirus 2). A virus closely related to the Chinese softshell turtle picornavirus 2 was also described by Pan et al. (KY432472; unpublished).


Relation to tremovirus A1 (avian encephalitis virus 1) and other picornaviruses:
- Genome layout of tremovirus B1 and B2:
	5'-UTR[1A-1B-1C-1D-/2AH-box-NC-2B-2Chel/3A-3BVPg-3Cpro-3Dpol]3'-UTR
	(compare Fig. 1 of supporting material)
- Tremovirus B1 and B2 have typical hallmarks of picornaviruses:
		- capsid proteins 1B, 1C, 1D have rhv domains with drug-binding site,
		- 2A has a H-box/NC-motif,
		- 2Chel with GxxGxGKS motif of helicases,
		- 3BVPg peptide with Y-3 residue,
		- 3Cpro with GxCGx14GxH motif,
		- 3Dpol with KDE, PSG and YGDD motifs; the FLKR motif is modified: FLSR and YLSR, 
		   respectively.
- The P1 and 3CD sequences cluster with tremovirus A1 in phylogenetic analyses (compare Figs. 2 & 3 of supporting material).

Distinguishing features of tremovirus B1 and B2 compared to tremovirus A1:
- Tremoviruses B1 and B2 have long 2AH-box/NC proteins (303-305 aa vs. 154 aa of tremovirus A1.
- Sequence divergence (uncorrected p-distance) of complete genome suggest a distinct tremovirus species with 2 types:
[                               1        2        3        4 ]
[1] AJ225173, Tremovirus A1   
[2] KY432472, Tremovirus B1   0.569
[3] MG600107, Tremovirus B1   0.564    0.038
[4] MG600110, Tremovirus B2   0.582    0.451    0.449


- Sequence divergences (uncorrected p-distances) of orthologous proteins in pairwise comparisons of tremoviruses B with representative picornaviruses of supergroup 5 (Hepatovirus/Tremovirus/unclassified craheliviruses, roheliviruses and fipiviruses) justify creation of a new species (compare Table 1).

Table 1: Amino acid divergence*							
tremovirus B1 vs. member of ...			P1	VP1	2Chel	3Cpro	3Dpol	
Within-genus comparisons:
Tremovirus	Tremovirus B (tremovirus B2)	0.296	0.311	0.435	0.449	0.499
			Tremovirus A			0.482	0.543	0.641	0.615	0.56.6
Between-genus comparisons:
Crahelivirus†	Crahelivirus A†			0.647	0.708	0.618	0.620	0.651
Gruhelivirus†	Gruhelivirus A†			0.614	0.655	0.588	0.693	0.664
Hepatovirus	Hepatovirus A			0.517	0.556	0.627	0.644	0.629
			Hepatovirus B		0.511	0.570	0.615	0.620	0.617
			Hepatovirus C		0.514	0.579	0.642	0.644	0.624
			Hepatovirus D		0.530	0.569	0.654	0.648	0.640
			Hepatovirus E		0.513	0.560	0.635	0.644	0.626
			Hepatovirus F		0.515	0.567	0.617	0.671	0.632
			Hepatovirus G		0.511	0.572	0.621	0.644	0.624
			Hepatovirus H		0.527	0.569	0.615	0.616	0.620
			Hepatovirus I		0.520	0.597	0.621	0.667	0.649
Rohelivirus**	Rohelivirus A†			0.728	0.840	0.681	0.775	0.683
Fipivirus†	Fipivirus A†			0.718	0.824	0.718	0.845	0.738
			Fipivirus B†		0.724	0.824	0.736	0.791	0.745
			Fipivirus C†		0.715	0.821	0.748	0.790	0.742
			Fipivirus D†		0.708	0.835	0.698	0.794	0.747
      				Fipivirus E†		0.692	0.803	0.723	0.806	0.756	
* number of amino acid differences per site
† proposed taxa


Exemplar:
Tremovirus B, tremovirus B1 (Pelodiscus sinensis picornavirus 1) strain CNSR2011, GenBank acc. no. KY432472

Species demarcation criteria:
Members of a species of the genus Tremovirus:
- are less than 50% divergent in polyprotein aa sequence,
-are less than 35% divergent in P1 aa sequence,
-are less than 50% divergent in 2C+3CD aa sequence,
- share a common genome organization,

	References:

	
1.	Shi M, Lin XD, Chen X, Tian JH, Chen LJ, Li K, Wang W, Eden JS, Shen JJ, Liu L, Holmes EC, Zhang YZ. 2018. The evolutionary history of vertebrate RNA viruses. Nature 556:197-202.
2.	Pan et al., unpublished





Supporting Material



Figure 1: Genome of the tremoviruses (schematic depiction). The open reading frame is indicated by a box. Positions of putative 3Cpro cleavage sites are indicated by a . The VP0 processing site is indicated by a hash (#). The names and lengths of the deduced proteins are presented. The 5'-UTR may be incomplete.






Legend to Figure 2:  Phylogenetic analysis of picornavirus P1 using Bayesian tree inference (MrBayes 3.2). Thirty-five picornavirus sequences of the Hepatovirus/Tremovirus 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, genus names, species names, type and—if available—common names in round brackets. Designations of isolates are given in square brackets. Yet unassigned viruses are printed in blue. The proposed names are 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.





Legend to Figure 3:  Phylogenetic analysis of picornavirus 3CD using Bayesian tree inference (MrBayes 3.2). Thirty-seven picornavirus sequences of the Hepatovirus/Tremovirus 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, genus names, species names, type and—if available—common names in round brackets. Designations of isolates are given in square brackets. 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.
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, tremovirus B2 (Chinese broad-headed pond turtle picornavirus 2) [WHWGGF75534]



AJ225173, Tremovirus, 

Tremovirus A

, tremovirus A1 (avian encephalomyelitis virus) [Calnek vacc. str.]

MG600103, 

unassigned

,Guangdong fishcaecilianspicornavirus[GDYYC83005]

MG600068, 

unassigned

, fipivirusA1 (Wuhan sharpbellypicornavirus2) [DSYC36136]

MG600069, 

unassigned

,fipivirusB1 (Wuhan sharpbellypicornavirus3) [DSYC47507]

MG600075, 

unassigned

,fipivirusD1 (WenlingJack mackerelspicornavirus) [LXMC375591]

MG600073, 

unassigned

,Beihaiwrasse picornavirus[LXMC183013]

MG600070, 

unassigned

,fipivirusE1 (Wenlingbanjofishpicornavirus1) [LXMC34076]

MG600072, 

unassigned

,Wenlingbanjofishpicornavirus2 [LXMC178843]

MG600095, 

unassigned

, fipivirusC1 (Wenlingcrossorhombuspicornavirus) [XDXMC21480]

KX156153, 

unassigned

,rohelivirusA1 [rodent/Ds-PicoV/IM2014]

KX156154, 

unassigned

,rohelivirusA1 [rodent/Rn-PicoV/SX2015-1]

KX156155, 

unassigned

,rohelivirusA1 [rodent/CK-PicoV/Tibet2014]

M81861, Cardiovirus, 

Cardiovirus A

, encephalomyocarditis virus 1 [R]
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 KT229612, Hepatovirus, Hepatovirus F, hepatovirus F2 (woodchuck hepatovirus) [3ID]



 KT229611, Hepatovirus, Hepatovirus F, hepatovirus F2 (woodchuck hepatovirus) [2ID]





 KT452685, Hepatovirus, Hepatovirus F, hepatovirus F1 (rodent hepatovirus) [KEF121Sigmas2012]





 KT452637, Hepatovirus, Hepatovirus D, hepatovirus D1 (rodent hepatovirus) [RMU101637Micarv2010]



 KT452641, Hepatovirus, Hepatovirus D, hepatovirus D1 (rodent hepatovirus) [KS11510Myogla2011]





 KT452644, Hepatovirus, Hepatovirus D, hepatovirus D1 (rodent hepatovirus) [KS111230Crimig2011]







 M14707, Hepatovirus, Hepatovirus A, hepatovirus A1 (hepatitis A virus) [HM-175]



 D00924, Hepatovirus, Hepatovirus A, hepatovirus A1 (simian hepatitis A virus) [AGM-27]







 KT452658, Hepatovirus, Hepatovirus I, hepatovirus I1 (shrew hepatovirus) [KS121232Sorara2012]



 KT452661, Hepatovirus, Hepatovirus I, hepatovirus I1 (shrew hepatovirus) [KS121289Sorara2012]







 KT452695, Hepatovirus, Hepatovirus H, hepatovirus H1 (hedgehog hepatovirus) [Igel75Erieur2014]



 KT452698, Hepatovirus, Hepatovirus H, hepatovirus H1 (hedgehog hepatovirus) [Igel68Erieur2014]





 KT452691, Hepatovirus, Hepatovirus H, hepatovirus H1 (hedgehog hepatovirus) [Igel8Erieur2014]





 KT452714, Hepatovirus, Hepatovirus H, hepatovirus H2 (bat hepatovirus) [M32Eidhel2010]



 KT877158, Hepatovirus, Hepatovirus H, hepatovirus H3 (tupaia hepatovirus) [TN1]







 KT452730, Hepatovirus, Hepatovirus G, hepatovirus G1 (bat hepatovirus) [BUO2BF86Colafr2010]



 KT452729, Hepatovirus, Hepatovirus G, hepatovirus G2 (bat hepatovirus) [FO1AF48Rhilan2010]





 KR703607, Hepatovirus, Hepatovirus B, hepatovirus B1 (phopivirus) [NewEngland/USA/2011]









 KT452742, Hepatovirus, Hepatovirus C, hepatovirus C1 (bat hepatovirus) [SMG18520Minmav2014]



 KT452735, Hepatovirus, Hepatovirus E, hepatovirus E1 (rodent hepatovirus) [CIV459Lopsik2004]







 KY312540, unassigned, crahelivirus A1 (crane picornavirus 1) [yc-1]



 KY312541, unassigned, gruhelivirus A1 (crane picornavirus 2) [yc-2]







 KY432472, Tremovirus, Temovirus B,  tremovirus B1 (Pelodiscus sinensis picornavirus 1) [CNSR2011] 



 MG600107, Tremovirus, Temovirus B, tremovirus B1 (Chinese softshell turtle picornavirus 2) [WHJYGF75857] 





 MG600110, Tremovirus, Temovirus B, tremovirus B2 (Chinese broad-headed pond turtle picornavirus 2) [WHWGGF75534] 





 AJ225173, Tremovirus, Tremovirus A, tremovirus A1 (avian encephalomyelitis virus) [Calnek vacc. str.]







 MG600103, unassigned, Guangdong fish caecilians picornavirus [GDYYC83005]





 MG600068, unassigned, fipivirus A1 (Wuhan sharpbelly picornavirus 2) [DSYC36136]



 MG600069, unassigned, fipivirus B1 (Wuhan sharpbelly picornavirus 3) [DSYC47507]





 MG600075, unassigned, fipivirus D1 (Wenling Jack mackerels picornavirus) [LXMC375591]



 MG600073, unassigned, Beihai wrasse picornavirus [LXMC183013]







 MG600070, unassigned, fipivirus E1 (Wenling banjofish picornavirus 1) [LXMC34076]



 MG600072, unassigned, Wenling banjofish picornavirus 2 [LXMC178843]







 MG600095, unassigned, fipivirus C1 (Wenling crossorhombus picornavirus) [XDXMC21480]







 KX156153, unassigned, rohelivirus A1 [rodent/Ds-PicoV/IM2014]



 KX156154, unassigned, rohelivirus A1 [rodent/Rn-PicoV/SX2015-1]





 KX156155, unassigned, rohelivirus A1 [rodent/CK-PicoV/Tibet2014]







 M81861, Cardiovirus, Cardiovirus A, encephalomyocarditis virus 1 [R]
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