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Abstract
	Here we propose to classify new geminiviruses into 11 new species based on species demarcation guidelines already established for the family Geminiviridae. Furthermore, we propose to establish five new genera in the family Geminiviridae to accommodate (i) the 11 new species identified here, and (ii) two previously classified species that were not assigned to any genera.



Text of proposal
		There are currently nine genera and two unassigned species in the family Geminiviridae. Based on the framework for classification of becurtoviruses [16], begomoviruses [2], capulaviruses [17], curtoviruses [15], eragroviruses [16], grabloviruses [17], mastreviruses [10], topocuviruses [12], turncurtoviruses [16] and both unassigned species (Citrus chlorotic dwarf associated virus and Mulberry mosaic dwarf associated virus), where genome-wide pairwise identity (PI) thresholds coupled with phylogenetic support were proposed and accepted as species demarcation criteria, 11 new unassigned species have been recently characterized from apple (Malus domestica Borkh., [7]), camellia (Camellia japonica L., [18]), grapevine (Vitis vinifera L., [1]), Juncus maritimus Lam. [3], passion fruit (Passiflora edulis Sims., [5]), tomato and cleome (Solanum lycopersicum L. and Cleome sp., [4]), tomato (Solanum lycopersicum L., [14]), cactus plants (Cactoideae and Opuntioideae clades, [6] and paper mulberry (Broussonetia papyrifera, [13]).

New genera to be created and species that should be assigned to these genera

1. New genus: Maldovirus

1.1 New Maldovirus species: Apple geminivirus 1
Apple geminivirus 1 (AGV1) has been characterized from asymptomatic Malus domestica plants [7]. Its 2932 nt long nucleotide genome sequence shares less than 64.3% with all other known geminiviruses within currently established species (Figure 1). This virus is clearly related to previously recognized geminiviruses, based on genome composition, similarities in the origin of replication (5'-TAATATTAC-3'), and the presence of homologous genes. The reconstruction of the evolutionary relationships of the complete genome sequences of various major geminivirus lineages reveals that AGV1 groups separately from all other established geminiviruses, with strong phylogenetic support. Interestingly, AGV1 clusters with two new unassigned geminiviruses that are also described in this taxonomic proposal (grapevine geminivirus A (GGVA) and Juncus maritimus geminivirus 1 (JmGV1, Figure 2). AGV1, GGVA and JmGV1 clearly belong to a highly divergent geminivirus lineage and, consequently, we propose here to create a new genus named Maldovirus (derived from Malus domestica virus) for accommodating these three highly divergent geminivirus species. In addition, phylogenies based on inferred replication associated protein (Rep) and inferred coat protein (CP) amino acid sequences also confirm that AGV1, GGVA and JmGV1 for a well-supported divergent clade within the geminivirus phylogenetic tree (Figures 3 and 4).

1.2 New Maldovirus species: Grapevine geminivirus A
Grapevine geminivirus A (GGVA) has been characterized from asymptomatic Vitis vinifera plants [1]. Thirteen GGVA isolates (Table 1) have been isolated from various grapevines conserved in germplasm collections maintained by the United States Department of Agriculture (USA) and Foundation Plant Services at the University of California, Davis (USA). It is important to note that these grapevines were originally sourced from five countries in Asia (China, Israel, Japan and South Korea) and one in Europe (Hungary). Their 2903-2906 nt long nucleotide genome sequences share less than 66.5% with all other known geminiviruses within currently established species (Figure 1). Grapevine geminivirus A isolates share >97.1% genome-wide pairwise identity with each other. This virus is clearly related to previously recognized geminiviruses, based on genome composition, similarities in the origin of replication (5'-TAATATTAC-3'), and the presence of homologous genes. As mentioned above, regardless of whether the full genome nucleotide sequence (Figure 2), the inferred replication associated protein (Rep) amino acid sequence (Figure 4), or the inferred CP amino acid sequence (Figure 3) is considered, GGVA, AGV1 and JmGV1 group separately from all other geminiviruses, with strong phylogenetic support.

1.3 New Maldovirus species: Juncus maritimus geminivirus 1
Juncus maritimus geminivirus 1 (JmGV1) has been characterized from an asymptomatic uncultivated Juncus maritimus plant from France [3]. Its 2740 nt long nucleotide genome sequence shares less than 66.5% with all other known geminiviruses within currently established species (Figure 1). This virus is clearly related to previously recognized geminiviruses, based on genome composition, similarities in the origin of replication (5'-TAATATTAC-3'), and the presence of homologous genes. As exemplified above, JmGV1 phylogenetically groups with GGVA and AGV1.

2. New genus: Opunvirus

2.1 New Opunvirus species: Opuntia virus 1
Opuntia virus 1 (OpV1) has been characterized from asymptomatic New World Cactaceae plants [6]. Seventy-nine OpV1 isolates have been isolated from cactus plants (belonging to 20 different cactus species from both the Cactoideae and Opuntioideae clades) and from nine cactus-feeding cochineal insects (Dactylopius sp.) sampled in the USA and Mexico (Table 1). Their 2940-2962 nt long nucleotide genome sequences share less than 64.9% with all other known geminiviruses within currently established species (Figure 1). Opuntia virus 1 genomes share >78.4% genome-wide pairwise identity with each other. In addition, a genotype demarcation threshold of 95% revealed the existence of 15 genetically distinct OpV1 “genotype groups”. Opuntia virus 1 is clearly related to previously recognized geminiviruses, based on genome composition, similarities in the origin of replication (5'-TAATATTAC-3'), and the presence of homologous genes. Additionally, regardless of whether the full genome nucleotide sequence (Figure 2), the inferred replication associated protein (Rep) amino acid sequence (Figure 4), or the inferred CP amino acid sequence (Figure 3) are considered, OpV1 isolates group separately from all other geminiviruses, with strong phylogenetic support and, consequently, we propose creating a new genus named Opunvirus (derived from Opuntia virus 1) for accommodating this highly divergent geminivirus species.

3. New genus: Citlodavirus

3.1 New Citlodavirus species: Camellia chlorotic dwarf-associated virus
Two isolates of Camellia chlorotic dwarf-associated virus (CaCDaV) have been characterized from a diseased Camellia japonica plant displaying leaves with chlorosis, deformation and V-shaped margins [7] and from a diseased Camellia sinensis plant, respectively. Their 3687-3696 nt long genome sequences share less than 62.9% with all other known geminiviruses within currently established species (Figure 1). This virus is clearly related to previously recognized geminiviruses, based on genome organization, similarities in the origin of replication (5'-TAATATTAC-3'), and the presence of homologous genes. The reconstruction of the evolutionary relationships of the complete genome sequences of various major geminivirus lineages reveals that CaCDaV groups separately from all other established geminivirus genera, with strong phylogenetic support. However, CaCDaV clusters with one already established unassigned geminivirus species, Citrus chlorotic dwarf associated virus (CCDaV) (Figure 2), and two new unassigned geminiviruses respectively described in this taxonomic proposal and in an independent taxonomic proposal submitted by Dr. Mengji Cao, passion fruit chlorotic mottle virus (PCMoV; Figure 2) and paper mulberry leaf curl virus 2 (PMLCV-2; Figure 2). CaCDaV, CCDaV, PCMoV and PMLCV-2 clearly belong to a highly divergent geminivirus lineage. In addition, phylogenies based on inferred replication associated protein (Rep) and inferred coat protein (CP) amino acid sequences also confirm that CaCDaV, CCDaV, PCMoV and PMLCV-2 group separately from all other geminiviruses (Figures 3 and 4) and, consequently, we propose creating a new genus named Citlodavirus (derived from Citrus chlorotic dwarf associated virus) for accommodating these four highly divergent geminivirus species. Noteworthy, these four species have a similar genomic organization.

3.2 New Citlodavirus species: Passion fruit chlorotic mottle virus
Passion fruit chlorotic mottle virus (PCMoV) has been characterized from a diseased Passiflora edulis plant displaying symptoms of chlorosis, crinkling and leaf deformation [5]. Its 3743 nt long nucleotide genome sequence shares less than 62% with all other known geminiviruses within currently established species (Figure 1). This virus is clearly related to previously recognized geminiviruses, based on genome organisation, similarities in the origin of replication (5'-TAATATTAC-3'), and the presence of homologous genes. As mentioned above, regardless of whether the full genome nucleotide sequence (Figure 2), the inferred replication associated protein (Rep) amino acid sequence (Figure 4), or the inferred CP amino acid sequence (Figure 3) is considered, CaCDaV, CCDaV, PCMoV and PMLCV-2  group separately from all other geminiviruses, with strong phylogenetic support.

3.3 New Citlodavirus species: Paper mulberry leaf curl virus 2
This new species is described in an independent taxonomic proposal submitted by Dr. Mengji Cao.

4. New genus: Topilevirus

4.1 New Topilevirus species: Tomato apical leaf curl virus
Tomato apical leaf curl virus (ToALCV) has been characterized from diseased Solanum lycopersicum plants displaying symptoms of leaf interveinal yellowing and curling symptoms and root hypotrophy [14]. Three ToALCV isolates have been isolated from tomato plants in Argentina (Table 1). Their 2873-2874 nt long nucleotide sequences share less than 64.5% genome-wide identity with all other known geminiviruses within currently established species (Figure 1). ToALCV isolates share >98.9% genome-wide pairwise identity with each other. This virus is clearly related to previously recognized geminiviruses, based on genome composition, similarities in the origin of replication (5'-TAATATTAC-3'), and the presence of homologous genes. Interestingly, ToALCV clusters with one new unassigned geminivirus that is described in this taxonomic proposal (tomato geminivirus 1 (TGV1), figures 2 and 3). These two new unassigned species group separately from all other established geminiviruses, with strong phylogenetic support, and, consequently, we propose creating a new genus named Topilevirus (derived from Tomato apical leaf curl virus) for accommodating these two highly divergent geminivirus species. While phylogenies based on the full genome nucleotide sequence and inferred replication associated protein (Rep) indicate that ToALCV and TGV1 cluster most closely with capulaviruses (Figures 2 and 4), the phylogeny based on inferred coat protein (CP) amino acid sequences shows that ToALCV and TGV1 CPs cluster with the CPs of the turncurtovirus, tomato pseudo-curly top virus (Figure 3).

4.2 New Topilevirus species: Tomato associated geminivirus 1
Tomato geminivirus 1 (TGV1) has been characterized from Solanum lycopersicum and Cleome sp. plants from Brazil [4]. Whereas one of the two TGV1 isolates was discovered in an asymptomatic tomato plant, the other was found in a cleome plant presenting with mild yellowing, chlorosis and distortion of the top leaves (Table 1). However, the cleome symptoms were attributed to the cleome plant being co-infected with cleome leaf crumple virus [4]. The TGV1 isolates share 99.96% genome-wide pairwise identity with each other and less than 64.6% with all other known geminiviruses within currently established species (Figure 1). As mentioned above, TGV1 clusters with ToALCV, and both unassigned species group separately from all other established geminiviruses, with strong phylogenetic support (Figures 2, 3 and 4).

5. New genus: Mulcrilevirus

5.1 New Mulcrilevirus species: Mulberry crinkle leaf virus
Mulberry crinkle leaf virus (MCLV) and mulberry mosaic dwarf associated virus (MMDaV) have been characterized from diseased mulberry plants displaying crinkle leaf symptoms and mosaic and dwarfing symptoms, respectively [8, 9]. Ten MMDaV isolates and one MCLV isolate have been isolated from mulberry plants in China (Table 1). Their 2952-2953 nt long nucleotide sequences share less than 60.9% genome-wide identity with all other known geminiviruses within currently established species (Figure 1).

MCLV and MMDaV isolates share >96.9% genome-wide pairwise identity with each other, indicating that they belong to the same species. While MCLV was published before MMDaV, we propose that the eleven isolates all belong to the species Mulberry crinkle leaf virus. 

This virus is clearly related to previously recognized geminiviruses, based on genome composition, similarities in the origin of replication (5'-TAATATTAC-3'), and the presence of homologous genes. Interestingly, MCLV clusters with one new unassigned geminivirus that is described in an independent taxonomic proposal submitted by Dr. Mengji Cao (paper mulberry leaf curl virus 1 (PMLCV-1), figures 2 and 3). Additionally, regardless of whether the full genome nucleotide sequence (Figure 2), the inferred replication associated protein (Rep) amino acid sequence (Figure 4), or the inferred CP amino acid sequence (Figure 3) are considered, MCLV and PMLCV-1 isolates group separately from all other geminiviruses with strong phylogenetic support, and, consequently, we propose creating a new genus named Mulcrilevirus (derived from Mulberry crinkle leaf virus) for accommodating these two highly divergent geminivirus species. 

5.2 New Mulcrilevirus species: Paper mulberry leaf curl virus 1
This new species is described in an independent taxonomic proposal submitted by Dr. Mengji Cao.


Table 1. Summary of the 11 new proposed species in the family Geminiviridae and 5 new genera. The new species and genera are highlighted in red font. 
	Genera
	Species
	Accession #
	Virus name
	Acronym
	Isolate
	Country
	host

	Maldovirus
	Apple geminivirus 1
	KM386645
	Apple geminivirus 1
	AGV1
	CN-PL-2015-13
	China
	Malus domestica

	Maldovirus
	Grapevine geminivirus A
	KX570609
	Grapevine geminivirus A
	GGVA
	KR-Black Beet-16
	South Korea
	Vitis vinifera cv. Black Beet

	
	
	KX570617
	Grapevine geminivirus A
	GGVA
	JP-Koshu Sanjaku-16
	Japan
	Vitis vinifera cv. Koshu Sanjaku

	
	
	KX570612
	Grapevine geminivirus A
	GGVA
	JP- Kyoho-16
	Japan
	Vitis vinifera cv. Kyoho

	
	
	KX574323
	Grapevine geminivirus A
	GGVA
	CN-Longyan2-16
	China
	Vitis vinifera L.

	
	
	KX570611
	Grapevine geminivirus A
	GGVA
	CN-Longyan-16
	China
	Vitis vinifera L. Longyan

	
	
	KX570607
	Grapevine geminivirus A
	GGVA
	KR-Nagano Purple-15
	South Korea
	Vitis vinifera cv. Nagano Purple

	
	
	KX570615
	Grapevine geminivirus A
	GGVA
	JP-Nehelescol-16
	Japan
	Vitis vinifera cv. Nehelescol

	
	
	KX570613
	Grapevine geminivirus A
	GGVA
	JP-Neo-Muscat-16
	Japan
	Vitis vinifera cv. Neo-Muscat

	
	
	KX570616
	Grapevine geminivirus A
	GGVA
	JP-Pione-16
	Japan
	Vitis vinifera cv. Pione

	
	
	KX570618
	Grapevine geminivirus A
	GGVA
	HU-Scolokertek Kiralynoje-16
	Hungary
	Vitis vinifera cv. Scolokertek Kiralynoje

	
	
	KX570614
	Grapevine geminivirus A
	GGVA
	KR-Shine Muscat-16
	South Korea
	Vitis vinifera cv. Shine Muscat

	
	
	KX570610
	Grapevine geminivirus A
	GGVA
	JP-Super Hamburg-16
	Japan
	Vitis vinifera L. Super Hamburg

	
	
	KX618694
	Grapevine geminivirus A
	GGVA
	IL-Tamar-16
	Israel
	Vitis vinifera L.

	Maldovirus
	Juncus maritimus geminivirus 1
	MG001958
	Juncus maritimus geminivirus 1
	JmGV1
	FR-13-FMN-1-12
	France
	Juncus maritimus

	Opunvirus
	Opuntia virus 1
	MN099960
	Opuntia virus 1
	OpV1
	US-2013_1-2015
	Arizona, USA
	Lophocereus schottii

	
	
	MN099981
	Opuntia virus 1
	OpV1
	US-2013_2-2015
	Arizona, USA
	Lophocereus schottii

	
	
	MN099982
	Opuntia virus 1
	OpV1
	US-2013_3-2015
	Arizona, USA
	Lophocereus schottii

	
	
	MN099983
	Opuntia virus 1
	OpV1
	US-2014_1-2015
	Arizona, USA
	Opuntia stenopetala

	
	
	MN099984
	Opuntia virus 1
	OpV1
	US-2014_2-2015
	Arizona, USA
	Opuntia stenopetala

	
	
	MN099985
	Opuntia virus 1
	OpV1
	US-2014_3-2015
	Arizona, USA
	Opuntia stenopetala

	
	
	MN099986
	Opuntia virus 1
	OpV1
	US-2014_4-2015
	Arizona, USA
	Opuntia stenopetala

	
	
	MN099987
	Opuntia virus 1
	OpV1
	US-2014_5-2015
	Arizona, USA
	Opuntia stenopetala

	
	
	MN099961
	Opuntia virus 1
	OpV1
	US-ASU_PP2-2018
	Arizona, USA
	Cylindropuntia fulgida

	
	
	MN099962
	Opuntia virus 1
	OpV1
	MX-ASUH_12-2002
	Baja, California, Mexico
	Opuntia tapona

	
	
	MN099963
	Opuntia virus 1
	OpV1
	US-ASUH_16-2010
	Arizona, USA
	Opuntia engelmannii

	
	
	MN099964
	Opuntia virus 1
	OpV1
	MX-ASUH_2-2002
	Sonora, Mexico
	Opuntia santa-rita

	
	
	MN099988
	Opuntia virus 1
	OpV1
	US-Cacti_2_1-2017
	Arizona, USA
	Opuntia santa-rita

	
	
	MN099989
	Opuntia virus 1
	OpV1
	US-Cacti_2_2-2017
	Arizona, USA
	Opuntia santa-rita

	
	
	MN099990
	Opuntia virus 1
	OpV1
	US-DBG10_5-2017
	Arizona, USA
	Opuntia cespitosa

	
	
	MN099991
	Opuntia virus 1
	OpV1
	US-DBG10_9-2017
	Arizona, USA
	Opuntia cespitosa

	
	
	MN099992
	Opuntia virus 1
	OpV1
	US-DBG10_149-2017
	Arizona, USA
	Opuntia cespitosa

	
	
	MN099993
	Opuntia virus 1
	OpV1
	US-DBG10_1972-2017
	Arizona, USA
	Opuntia cespitosa

	
	
	MN099994
	Opuntia virus 1
	OpV1
	US-DBG10_2558-2017
	Arizona, USA
	Opuntia cespitosa

	
	
	MN099995
	Opuntia virus 1
	OpV1
	US-DBG10_2562-2017
	Arizona, USA
	Opuntia cespitosa

	
	
	MN099996
	Opuntia virus 1
	OpV1
	US-DBG13_5-2017
	Arizona, USA
	Opuntia basilaris

	
	
	MN099997
	Opuntia virus 1
	OpV1
	US-DBG13_9-2017
	Arizona, USA
	Opuntia basilaris

	
	
	MN099998
	Opuntia virus 1
	OpV1
	US-DBG13_1987-2017
	Arizona, USA
	Opuntia basilaris

	
	
	MN100000
	Opuntia virus 1
	OpV1
	US-DBG_14_1-2017
	Arizona, USA
	Opuntia echios var. echios

	
	
	MN100001
	Opuntia virus 1
	OpV1
	US-DBG_14_2-2017
	Arizona, USA
	Opuntia echios var. echios

	
	
	MN100002
	Opuntia virus 1
	OpV1
	US-DBG_14_3-2017
	Arizona, USA
	Opuntia echios var. echios

	
	
	MN100003
	Opuntia virus 1
	OpV1
	US-DBG_14_4-2017
	Arizona, USA
	Opuntia echios var. echios

	
	
	MN100013
	Opuntia virus 1
	OpV1
	US-DBG_46-2018
	Arizona, USA
	Opuntia echios var. echios

	
	
	MN100014
	Opuntia virus 1
	OpV1
	US-DBG_47-2018
	Arizona, USA
	Opuntia echios var. echios

	
	
	MN100015
	Opuntia virus 1
	OpV1
	US-DBG_48-2018
	Arizona, USA
	Opuntia echios var. echios

	
	
	MN100004
	Opuntia virus 1
	OpV1
	US-DBG_26-2018
	Arizona, USA
	Opuntia rufida

	
	
	MN100005
	Opuntia virus 1
	OpV1
	US-DBG_31_1-2018
	Arizona, USA
	Opuntia mackensenii

	
	
	MN100006
	Opuntia virus 1
	OpV1
	US-DBG_31_2-2018
	Arizona, USA
	Opuntia mackensenii

	
	
	MN099999
	Opuntia virus 1
	OpV1
	US-DBG34-2018
	Arizona, USA
	Opuntia robusta

	
	
	MN100007
	Opuntia virus 1
	OpV1
	US-DBG_34-2018
	Arizona, USA
	Opuntia robusta

	
	
	MN100008
	Opuntia virus 1
	OpV1
	US-DBG_36-2018
	Arizona, USA
	Opuntia englemannii x.O. rufida

	
	
	MN100009
	Opuntia virus 1
	OpV1
	US-DBG_38-2018
	Arizona, USA
	Opuntia martiniana

	
	
	MN100010
	Opuntia virus 1
	OpV1
	US-DBG_41-2018
	Arizona, USA
	Opuntia rooneyi

	
	
	MN100011
	Opuntia virus 1
	OpV1
	US-DBG_42_1-2018
	Arizona, USA
	Opuntia englemannii

	
	
	MN100012
	Opuntia virus 1
	OpV1
	US-DBG_42_2-2018
	Arizona, USA
	Opuntia englemannii

	
	
	MN099971
	Opuntia virus 1
	OpV1
	US-DBG_42_3-2018
	Arizona, USA
	Opuntia englemannii

	
	
	MN099972
	Opuntia virus 1
	OpV1
	US-DBG_56-2018
	Arizona, USA
	Opuntia basilaris

	
	
	MN099973
	Opuntia virus 1
	OpV1
	US-DBG_57-2018
	Arizona, USA
	Opuntia basilaris

	
	
	MN099974
	Opuntia virus 1
	OpV1
	US-DBG_57_2-2018
	Arizona, USA
	Opuntia basilaris

	
	
	MN099975
	Opuntia virus 1
	OpV1
	US-DBG_58-2018
	Arizona, USA
	Opuntia basilaris

	
	
	MN099976
	Opuntia virus 1
	OpV1
	US-DBG_72-2018
	Arizona, USA
	Opuntia rufida

	
	
	MN099965
	Opuntia virus 1
	OpV1
	US-DBG74-2018
	Arizona, USA
	Opuntia robusta

	
	
	MN099966
	Opuntia virus 1
	OpV1
	US-DBG75-2018
	Arizona, USA
	Opuntia basilaris

	
	
	MN099967
	Opuntia virus 1
	OpV1
	US-DBG80-2018
	Arizona, USA
	Cylindropuntia echinocarpa

	
	
	MN099968
	Opuntia virus 1
	OpV1
	US-DBG86-2018
	Arizona, USA
	Cylindropuntia spinosior

	
	
	MN099977
	Opuntia virus 1
	OpV1
	US-DBG_86-2018
	Arizona, USA
	Cylindropuntia spinosior

	
	
	MN099969
	Opuntia virus 1
	OpV1
	US-DBG88-2018
	Arizona, USA
	Opuntia cf polyacantha

	
	
	MN099970
	Opuntia virus 1
	OpV1
	US-DBG90-2019
	Arizona, USA
	Opuntia phaeacantha

	
	
	MN100016
	Opuntia virus 1
	OpV1
	US-LCM_85-2015
	Texas, USA
	Opuntia aureispina

	
	
	MN100017
	Opuntia virus 1
	OpV1
	US-LCM_91_1-2015
	Arizona, USA
	Cylindropuntia arbuscula

	
	
	MN100018
	Opuntia virus 1
	OpV1
	US-LCM_91_2-2015
	Arizona, USA
	Cylindropuntia arbuscula

	
	
	MN099978
	Opuntia virus 1
	OpV1
	US-S18_1-2018
	Arizona, USA
	Opuntia engelmannii

	
	
	MN099979
	Opuntia virus 1
	OpV1
	US-S18_8-2018
	Arizona, USA
	Opuntia santa-rita

	
	
	MN099980
	Opuntia virus 1
	OpV1
	US-S18_89-2018
	Arizona, USA
	Opuntia engelmannii

	
	
	MN100037
	Opuntia virus 1
	OpV1
	US-TM_cacti_2_1-2018
	Arizona, USA
	Opuntia engelmannii

	
	
	MN100038
	Opuntia virus 1
	OpV1
	US-TM_cacti_2_2-2018
	Arizona, USA
	Opuntia engelmannii

	
	
	MN100019
	Opuntia virus 1
	OpV1
	US-SI_0_1-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100020
	Opuntia virus 1
	OpV1
	US-SI_0_2-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100021
	Opuntia virus 1
	OpV1
	US-SI_0_3-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100022
	Opuntia virus 1
	OpV1
	US-SI_0_4-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100023
	Opuntia virus 1
	OpV1
	US-SI_1_1-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100024
	Opuntia virus 1
	OpV1
	US-SI_1_2-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100025
	Opuntia virus 1
	OpV1
	US-SI_1_3-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100026
	Opuntia virus 1
	OpV1
	US-SI_1_4-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100027
	Opuntia virus 1
	OpV1
	US-SI_7_1-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100028
	Opuntia virus 1
	OpV1
	US-SI_7_2-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100029
	Opuntia virus 1
	OpV1
	US-SI_7_3-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100030
	Opuntia virus 1
	OpV1
	US-SI_9_1-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100031
	Opuntia virus 1
	OpV1
	US-SI_9_2-2017
	Arizona, USA
	Dactylopius sp.

	
	
	MN100032
	Opuntia virus 1
	OpV1
	US-SI_23-2018
	Arizona, USA
	Dactylopius sp.

	
	
	MN100033
	Opuntia virus 1
	OpV1
	US-SI_28-2018
	Arizona, USA
	Dactylopius sp.

	
	
	MN100034
	Opuntia virus 1
	OpV1
	US-SI_33-2018
	Arizona, USA
	Dactylopius sp.

	
	
	MN100035
	Opuntia virus 1
	OpV1
	US-SI_35-2018
	Arizona, USA
	Dactylopius sp.

	
	
	MN100036
	Opuntia virus 1
	OpV1
	US-SI_39-2018
	Arizona, USA
	Dactylopius sp.

	Citlodavirus
	Citrus chlorotic dwarf associated virus
	MN509440
	Citrus chlorotic dwarf associated virus
	CCDaV
	TH-Tha1-19-2019
	Thailand
	Citrus × paradisi

	
	 
	MG566052
	Citrus chlorotic dwarf associated virus
	CCDaV
	TR-MER52-2017
	Turkey
	Citrus × paradisi

	
	 
	MG566050
	Citrus chlorotic dwarf associated virus
	CCDaV
	TR-MER46-2017
	Turkey
	Citrus limon

	
	 
	KX840470
	Citrus chlorotic dwarf associated virus
	CCDaV
	CH-YN-EL4-2015
	China
	Citrus limon

	
	 
	KX840469
	Citrus chlorotic dwarf associated virus
	CCDaV
	CH-YN-EL3-2015
	China
	Citrus limon

	
	 
	KX840468
	Citrus chlorotic dwarf associated virus
	CCDaV
	CH-YN-EL2-2015
	China
	Citrus limon

	
	 
	KX840467
	Citrus chlorotic dwarf associated virus
	CCDaV
	CH-YN-EL1-2015
	China
	Citrus limon

	
	 
	JQ920490
	Citrus chlorotic dwarf associated virus
	CCDaV
	TR-TK4-1995
	Turkey
	Citrus sp.

	
	 
	MN509442
	Citrus chlorotic dwarf associated virus
	CCDaV
	TH-Tha30-2019
	Thailand
	Citrus × paradisi

	
	 
	MG566055
	Citrus chlorotic dwarf associated virus
	CCDaV
	TR-ANT80-2017
	Turkey
	Citrus sinensis L.

	
	 
	MG566053
	Citrus chlorotic dwarf associated virus
	CCDaV
	TR-HAT62-2017
	Turkey
	Citrus reticulata

	
	 
	MG566051
	Citrus chlorotic dwarf associated virus
	CCDaV
	TR-MER50-2017
	Turkey
	Citrus × aurantium

	
	 
	MN509441
	Citrus chlorotic dwarf associated virus
	CCDaV
	TH-Tha1-17-2019
	Thailand
	Citrus × paradisi

	
	 
	MG566054
	Citrus chlorotic dwarf associated virus
	CCDaV
	TR-ADA74-2017
	Turkey
	Citrus × tangelo

	
	 
	KF561253
	Citrus chlorotic dwarf associated virus
	CCDaV
	CH-CN001-2009
	China
	Citrus limon cv. Eureka

	Citlodavirus
	Camellia chlorotic dwarf-associated virus
	MG452759
	Camellia chlorotic dwarf-associated virus
	CaCDaV
	CN-Ca-1
	China
	Camellia japonica

	
	
	MK613869

	Camellia chlorotic dwarf-associated virus
	CaCDaV
	CN-HZ1-2017
	China
	Camellia sinensis

	
	Passion fruit chlorotic mottle virus
	MG696802
	Passion fruit chlorotic mottle virus
	PCMoV
	BR-CDS_MS-2014
	Brazil
	Passiflora edulis

	
	Paper mulberry leaf curl virus 2
	MN595127
	Paper mulberry leaf curl virus 2
	PMLCV-2
	CH-SWU-2020
	China
	Broussonetia papyrifera


	
	
	MN595128
	Paper mulberry leaf curl virus 2
	PMLCV-2
	CH-TL-2018
	China
	Broussonetia papyrifera


	
	
	MN595126
	Paper mulberry leaf curl virus 2
	PMLCV-2
	CH-HY-2018
	China
	Broussonetia papyrifera


	Topilevirus
	Tomato apical leaf curl virus
	MG491195
	Tomato apical leaf curl virus
	ToALCV 

	AR-Yuto-Tom419-08
	Argentina
	Solanum lycopersicum

	
	
	MG491196
	Tomato apical leaf curl virus
	ToALCV 

	AR-Yuto-Tom420-08
	Argentina
	Solanum lycopersicum

	
	
	MG491197
	Tomato apical leaf curl virus
	ToALCV 

	AR-Yuto-Tom424-08
	Argentina
	Solanum lycopersicum

	
	Tomato geminivirus 1
	MF072689
	Tomato geminivirus 1
	TGV1
	BR-Cleome-15
	Brazil
	Cleome sp.

	
	
	MF072688
	Tomato geminivirus 1
	TGV1
	BR-Tomato-15
	Brazil
	Solanum lycopersicum

	Mulcrilevirus
	Mulberry crinkle leaf virus
	MN240483
	Mulberry mosaic dwarf associated virus
	MMDaV
	CH-ZJTX-2018
	China
	Morus sp.

	
	
	KP303687
	Mulberry mosaic dwarf associated virus
	MMDaV
	CH-AK1-8-2014
	China
	Morus sp.

	
	
	KP699128
	Mulberry mosaic dwarf associated virus
	MMDaV
	CH-AK1-3-2014
	China
	Morus sp.

	
	
	KP699129
	Mulberry mosaic dwarf associated virus
	MMDaV
	CH-AK1-4-2014
	China
	Morus sp.

	
	
	KP699130
	Mulberry mosaic dwarf associated virus
	MMDaV
	CH-AK2-14-2014
	China
	Morus sp.

	
	
	KP699131
	Mulberry mosaic dwarf associated virus
	MMDaV
	CH-AK2-38-2014
	China
	Morus sp.

	
	
	KP699132
	Mulberry mosaic dwarf associated virus
	MMDaV
	CH-AK3-54-2014
	China
	Morus sp.

	
	
	KP728254
	Mulberry mosaic dwarf associated virus
	MMDaV
	CH-AK2-18-2014
	China
	Morus sp.

	
	
	KR131749
	Mulberry crinkle leaf virus
	MCLV
	CH-js-2012
	China
	Morus alba L.

	
	Paper mulberry leaf curl virus 1
	MN595124
	Paper mulberry leaf curl virus 1
	PMLCV-1
	CH-HY-2018
	China
	Broussonetia papyrifera


	
	
	MN595125
	Paper mulberry leaf curl virus 1
	PMLCV-1
	CH-SWU-2020
	China
	Broussonetia papyrifera





	







Supporting evidence
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Figure 1. Pairwise identity matrix inferred using SDT v1.2 [11]. 
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Figure 2. Unrooted neighbor-joining tree inferred from aligned full-genome nucleotide sequences of representative isolates from the various geminivirus genera. Branches with less than 60% bootstrap support have been collapsed.
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Figure 3. Maximum- likelihood phylogenetic tree, applying the rtREV+G+F+I amino acid substitution models for CP of representative geminivirus genera. Numbers associated with branches bootstrap support for these branches. The tree is rooted with CP sequences of representative genomoviruses. Branches with less than 60% bootstrap support have been collapsed. 
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Figure 4. Maximum- likelihood phylogenetic tree, applying the rtREV+G+I amino acid substitution models for Rep of representative geminivirus genera. Numbers associated with branches bootstrap support for these branches. The tree is rooted with Rep sequences of representative genomoviruses. Branches with less than 60% bootstrap support have been collapsed. 
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Mulcrilevirus
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Begomovirus



Citlodavirus
Capulavirus



Curtovirus
Eragrovirus
Grablovirus
Maldovirus
Mastrevirus



Topilevirus
Opunvirus



Topocuvirus



Becurtovirus



Turncurtovirus
Unclassified



Mulcrilevirus



 FJ665283 Bean golden mosaic virus
 KC706535 Sida micrantha mosaic virus
 FM877473 African cassava mosaic virus
 JF502373 Cotton leaf curl Burewala virus



 MG001959 Polygala garcinii associated virus
 KM386645 Apple geminivirus
 KX618694 Grapevine geminivirus A



 MG001958 Juncus maritimus associated virus
 MN243534 Parsley yellow leaf curl virus



 X84735 Tomato pseudo-curly top virus
MN100018 Opuntia virus 1



 MN100030 Opuntia virus 1
 MN099980 Opuntia virus 1



 MN100034 Opuntia virus 1
 GU456685 Turnip curly top virus
 KC108902 Turnip curly top virus



 KT388088 Turnip leaf roll virus
 MH595443 Sesame curly top virus
 MK673513 Common bean curly stunt virus



 AF379637 Beet curly top virus
 EU921828 Pepper yellow dwarf virus



 GU734126 Spinach severe curly top virus
 U49907 Horseradish curly top virus



 MG001960 Exomis microphylla associated virus
 HQ443515 Spinach curly top Arizona virus



 KP410285 Beet curly top Iran virus
 FJ665630 Eragrostis curvula streak virus



 FJ665634 Eragrostis curvula streak virus
 EF536860 Wheat dwarf virus



 DQ458791 Chickpea chlorotic dwarf virus
 AF003952 Maize streak virus



 KJ437671 Axonopus compressus streak virus
 JX559642 Grapevine geminivirus
 KF147918 Grapevine red-blotch associated virus



 MF579394 Prunus geminivirus A
 MF185002 Wild vitis virus 1



 MN595127Paper mulberry leaf curl virus2
 JQ920490 Citrus chlorotic dwarf associated virus



 MG452759 Camellia chlorotic dwarf associated virus
 MG696802 Passion fruit chlorotic mottle virus



 MN595125 Paper mulberry leaf curl virus1
 KR131749 Mulberry crinkle-associated virus



 MF072688 Tomato geminivirus
 MG491195 Tomato apical leaf curl virus



 MG001961 Limeum africanum associated virus
 KT214389 Plantago lanceolata latent virus
 KT214373 Alfalfa leaf curl virus



 JX094280 French bean severe leaf curl virus
 KT214386 Euphorbia caput-medusae latent virus
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