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The family Circoviridae has two genera, Circovirus and Cyclovirus (Rosario et al., 2017). All members of the family Circoviridae have circular single-stranded DNA genomes with ambisense genome organization. In the case of circoviruses, the replication-associated protein (Rep) open reading frame (ORF) is located on the putative virion sense strand whereas the capsid protein (CP) is on the complementary strand. In the case of the cycloviruses, the genome organization is mirror opposite to that of circoviruses (Rosario et al., 2017). 

Rosario et al. (2017) provided a recent update on the taxonomy of the family Circoviridae. Based on the comprehensive analysis of the distribution of pairwise identities (PI) among cyclovirus and circovirus genomes, a 80% PI threshold was determined to be best for species classification within the family Circoviridae (Rosario et al., 2017). Using the 80% PI threshold calculated using SDT v1.2, Muhire et al. (2014), coupled with phylogenetic support, 27 circovirus species and 43 cyclovirus species are currently recognized by ICTV. 

Circovirus
Two new circovirus species have recently been identified from bats (n=3) and pigs (n=15). All of the isolates identified for each of these novel species contain a genome organization that is characteristic of circovirus species. The 18 isolates (Table 1), based on PI analysis (Figure 1) coupled with phylogenetic support (Figure 2), are members of two new species
1. porcine circovirus 3 (n=15)
2. bat associated circovirus 9 (n=3)

The fifteen porcine circovirus 3 isolates have been identified in pigs from USA (n=3) and China (n=12) (Ku et al., 2017; Palinski et al., 2017; Phan et al., 2016; Shen et al., 2017). These isolates share >98% PI. These isolate genome sequences share <80% PI with all other circovirus sequences.

The three bat associated circovirus 9 isolates share >80% PI among each other. These isolate sequences share <80% PIs with all other circovirus sequences (Figure 2).

Cyclovirus

Two new cyclovirus isolates have been recently identified from human cerebrospinal fluid and a mouse spleen. These two sequences are available in GenBank (accession no. KT878836 and KU053483) but, currently, there are no peer-reviewed publications associated with these genomes. Both of the new cyclovirus isolates contain a genome organization characteristic of cyclovirus species.

The two isolates (Table 1), based on PI analysis (Figure 3) coupled with phylogenetic support (Figure 4), are members of two new species
1. Human associated cyclovirus 12 (n=1)
2. Mouse associated cyclovirus 1 (n=1)

Genera confirmation using Rep-based analysis

The Reps of the new isolates together with those representative sequences from each circovirus and cyclovirus species were aligned and the alignment was used to infer a Maximum likelihood phylogenetic tree (Figure 5). The Rep-based phylogenetic tree support the classification of porcine circovirus 3 and bat associated circovirus 9 to the genus Circovirus and human associated cyclovirus 12 and mouse associated cyclovirus 1 to the genus Cyclovirus. 

Table 1: Summary of new circoviruses and cycloviruses
	Genus
	Virus
	GenBank accession #
	Acronym
	Isolate
	Source
	Country

	Circovirus
	porcine circovirus 3
	KT869077
	PCV-3
	29160
	pig
	USA

	
	
	KX898030
	PCV-3
	PCV3-US/MN2016
	pig
	USA

	
	
	KX966193
	PCV-3
	PCV3-US/SD2016
	pig
	USA

	
	
	KY075986
	PCV-3
	PCV3/CN/Fujian-5/2016
	pig
	China

	
	
	KY075987
	PCV-3
	PCV3/CN/Fujian-12/2016
	pig
	China

	
	
	KY075988
	PCV-3
	PCV3/CN/Henan-13/2016
	pig
	China

	
	
	KY075989
	PCV-3
	PCV3/CN/Jiangxi-62/2016
	pig
	China

	
	
	KY075990
	PCV-3
	PCV3/CN/Chongqing-147/2016
	pig
	China

	
	
	KY075991
	PCV-3
	PCV3/CN/Chongqing-148/2016
	pig
	China

	
	
	KY075992
	PCV-3
	PCV3/CN/Chongqing-150/2016
	pig
	China

	
	
	KY075993
	PCV-3
	PCV3/CN/Chongqing-155/2016
	pig
	China

	
	
	KY075994
	PCV-3
	PCV3/CN/Chongqing-156/2016
	pig
	China

	
	
	KY354038
	PCV-3
	CN/Hubei-610/2016
	pig
	China

	
	
	KY354039
	PCV-3
	CN/Hubei-618/2016
	pig
	China

	
	
	KY418606
	PCV-3
	PCV3-China/GD2016
	pig
	China

	
	bat associated circovirus 9
	KX943551
	BatACV-9
	DaiShan
	Myotis davidii
	China

	
	
	KJ641741
	BatACV-9
	BtRf-CV-61/YN2010 
	Rhinolophus ferrumequinum
	China

	
	
	KJ641742
	BatACV-9
	BtRf-CV-62/YN2010 
	Rhinolophus ferrumequinum
	China

	Cyclovirus
	mouse associated cyclovirus 1
	KT878836
	MoACyV-1
	Cyclo-sf1
	mouse spleen
	USA

	
	human associated cyclovirus 12
	KU053483
	HuACyV-12
	IECSF08
	human cerebrospinal fluid
	India



[image: ]
Figure 1: Genome-wide pairwise identities among circoviruses determined using SDT v1.2 (Muhire et al., 2014) with a ‘two color’ profile highlighting. The 18 new circovirus isolates (highlighted in red font) represent two new species based on the 80% PI threshold. 

[image: ]
Figure 2: Maximum likelihood phylogenetic tree of representative circovirus species. The ML tree was constructed after aligning complete genome sequences and inferred using PHYML with GTR+G model of substitution (with SH-like branch support). Branches with <80% support have been collapsed. The phylogenetic tree was rooted after using cyclovirus reverse complemented genome sequences as an outgroup. Members of the two new species are highlighted in red font.
[image: ]
Figure 3: Genome-wide pairwise identities among cycloviruses determined using SDT v1.2 (Muhire et al., 2014) with a ‘two colour’ profile highlighting. The two new cyclovirus species are highlighted with red font.

[image: ]
Figure 4: Maximum likelihood phylogenetic tree of representative cyclovirus species. The ML tree was constructed after aligning complete genome sequences and inferred using PHYML with GTR+G model of substitution (with SH-like branch support). Branches with <80% support have been collapsed. The phylogenetic tree was rooted after using circovirus reverse complemented genome sequences as an outgroup. The two new cyclovirus species are highlighted in red font.  

[image: ]
Figure 5: Maximum likelihood phylogenetic tree of representative replication-associated protein (Rep) amino acid sequences. The ML tree showing the relationship between cyclovirus and circovirus Reps was inferred using PHYML with LG+G model of substitution (with SH-like branch support) and rooted with Rep sequences from members of the family Genomoviridae. Branches with <80% support have been collapsed.
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