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RESUMO 

 

MENDES, Tales da Silva, M.Sc., Universidade Federal de Viçosa, Agosto de 2019. 
Infecção sistêmica de plantas por um gemycircularvírus (fam. Genomoviridae). 
Orientador: Francisco Murilo Zerbini. Co-orientadora: Anelise Franco Orílio. 
 

Membros da família Genomoviridae são vírus não envelopados, com genomas de 

ssDNA circular que variam de 2 a 2,4 kb, contendo duas ORFs separadas por uma 

região intergênica não codificadora. Uma das ORFs, localizada na fita viral, codifica a 

proteína do capsídeo (CP), e a outra, na fita complementar, codifica a proteína 

associada à replicação (Rep), semelhante à encontrada em membros da família 

Geminiviridae. Atualmente, a família Genomoviridae inclui 73 espécies virais 

classificadas em nove gêneros, sendo o gênero Gemycircularvirus o mais diverso. 

Membros dessa família foram identificados em mamíferos, aves, invertebrados, em 

amostras ambientais e em plantas. No entanto, apesar desse grande número de 

relatos e de sua presença disseminada no ambiente, o conhecimento sobre a 

infectividade da maioria dos genomovírus permanece escasso. O gemycircularvírus 

SsHADV-1 é o único genomovírus que apresenta um hospedeiro conhecido, um 

fungo. O gênero Gemycircularvirus inclui todos os genomovírus associados a plantas 

encontrados até o momento. É possível que os gemycircularvírus desempenhem 

papéis ecológicos relevantes em associação com plantas. Neste trabalho, relatamos 

o primeiro caso de infecção sistêmica de plantas por um gemycircularvírus, o 

Euphorbia heterophylla associated gemicircularvirus (EuaGmV). Um clone dimérico 

(aprox. 4,4 kb) do EuaGmV foi utilizado para a inoculação via biobalística de plantas 

de Euphorbia heterophylla e Nicotiana benthamiana. Plantas controle das duas 

espécies foram inoculadas com o geminivírus Euphorbia yellow mosaic virus (EuYMV) 

ou com água. Aos 21 e 28 dias após a inoculação (dpi), folhas superiores não 

inoculadas (que não apresentavam sintomas) foram coletadas para análise da 

presença do vírus via PCR. Oito plantas de E. heterophylla e todas as 10 plantas de 

N. benthamiana foram positivas para a presença de EuaGmV. Amplicons (612 bp) 

obtidos de E. heterophylla foram sequenciados e mostraram identidade de 99,6% com 

a sequência do clone de EuaGmV. Estes resultados demonstram, pela primeira vez, 

que um gemycircularvírus (família Genomoviridae) é capaz de infectar plantas 

sistemicamente. 

  



ABSTRACT 

 

MENDES, Tales da Silva, M.Sc., Universidade Federal de Viçosa, August, 2019. 
Systemic infection of plants by a gemycircularvirus (family Genomoviridae). 
Advisor: Francisco Murilo Zerbini Junior. Co-advisor: Anelise Franco Orílio. 
 

The Genomoviridae family includes non-enveloped, ssDNA viruses with circular 

genomes ranging from 2 to 2.4 kb, containing two ORFs separated by an intergenic, 

non-coding region. One of the ORFs, located in the virion-sense strand, encodes the 

putative coat protein (CP), and the other, in the complementary-sense strand, encodes 

a putative replication-associated protein (Rep) similar to the Rep protein found in 

members of the family Geminiviridae. Currently, the Genomoviridae family contains 73 

viral species classified into nine genera, with Gemycircularvirus as the largest genus. 

Members of the family have been identified in mammals, birds, invertebrates, in a 

variety of environmental samples, and also in plants. However, despite the large 

number of reports and their pervasive presence in the environment, the infectivity of 

genomovirids to specific hosts remains largely unknown. The gemycircularvirus 

SsHADV-1 remains the only genomovirid with a known (fungal) host. The genus 

Gemycircularvirus includes all plant-associated genomovirids found so far. It is 

possible that gemycircularviruses play relevant ecological roles in association with 

plants. Here, we report the first case of systemic infection of plants by a 

gemycircularvirus, Euphorbia heterophylla associated gemycircularvirus (EuaGmV). A 

dimeric clone (~4.4 kb) of EuaGmV was used for the biolistic inoculation of plants of 

Euphorbia heterophylla and Nicotiana benthamiana. Control plants (of both species) 

were inoculated with the geminivirus Euphorbia yellow mosaic virus (EuYMV) or with 

water. At 21 and 28 days after inoculation (dai), non-inoculated upper leaves of the 

EuaGmV-inoculated plants (which did not show any symptoms) were collected for 

PCR-based analysis of the presence of the virus. Eight plants of E. heterophylla and 

all 10 plants of N. benthamiana were PCR-positive for the presence of EuaGmV. 

Amplicons (612 bp) obtained from E. heterophylla were sequenced, and a 99.6% 

identity with the sequence of the EuaGmV clone was obtained. These results 

demonstrate, for the first time, that a gemycircularvirus (family Genomoviridae) is 

capable of systemically infecting plants.  
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GENERAL INTRODUCTION 

 

Viruses are obligatory parasites present throughout the biosphere, with 

representatives that can infect the most diverse host types in all life domains (Ignacio-

Espinoza et al., 2013). Many are considered pathogens of great economic, clinical, 

and ecological importance (Krupovic, 2013). It is estimated that there are 

approximately 1031 viral particles on Earth, most of them infecting bacteria (Hendrix, 

2002), totaling around 200 million tons of biomass across the globe (Suttle, 2005). 

 Advances in culture-independent molecular techniques such as rolling-circle 

amplification (RCA) and viral metagenomics coupled with high throughput sequencing 

(HTS) are expanding our understanding of viral diversity, making it possible to detect 

and discover a variety of viral genomes (Comeau et al., 2006; Breitbart et al., 2007; 

Culley & Steward, 2007). Nowadays, the International Committee on the Taxonomy of 

Viruses (ICTV) accepts metagenomic data in viral taxonomy, which is now based not 

only on biological properties, particle morphology, genome architecture and replication 

mechanisms (Fenner, 1976; King et al., 2011), but also on viral sequences in the 

absence of any biological information (Simmonds et al., 2017). 

 Twelve out of 14 families of single-stranded (ss) DNA viruses currently 

recognized by the ICTV have circular genomes, with the Parvoviridae and Bidnaviridae 

families being the exceptions with linear ssDNA genomes. Eight out of these 12 

families comprise circular ssDNA viruses that infect eukaryotic organisms, with 

Anelloviridae being the only family whose members do not encode a protein 

homologous to the replication-associated protein (Rep). Members of the other seven 

families, Bacilladnaviridae (Kazlauskas et al., 2017), Circoviridae (Rosario et al., 

2017), Geminiviridae (Zerbini et al., 2017), Genomoviridae (Krupovic et al., 2016), 

Nanoviridae (King et al., 2011), Redondoviridae (Abbas et al., 2019) and Smacoviridae 

(Varsani & Krupovic, 2018) encode a Rep and are referred to as circular Rep-encoding 

ssDNA (CRESS-DNA) viruses. 

 Viruses of the family Circoviridae are known to cause economically important 

animal diseases, while members of the Nanoviridae and Geminiviridae encompass 

plant pathogens that cause diseases of economic importance primarily in tropical and 

subtropical regions of the world. By contrast, Bacilladnaviridae, Genomoviridae, 

Redondoviridae and Smacoviridae are four families recently discovered that need to 

be better studied. Bacilladnaviruses have been identified infecting diatom microalgae, 

and so far there is no information on possible hosts of members of Smacoviridae and 
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Redondoviridae. Although members of these two families are suspected to be 

associated with animals, the association of smacoviruses with methanogenic Archaea 

has been suggested (Díez-Villaseñor & Rodriguez-Valera, 2019). Genomoviridae is 

also one of the newly established ssDNA genome virus families for which the known 

hosts of its members are largely unknown (Krupovic et al., 2016; Adams et al., 2017). 

 Genomovirids are non-enveloped, circular, ssDNA viruses with genomes 

ranging from 2 to 2.4 kb, containing two ORFs separated by an intergenic non-coding 

region (IR). One of the ORFs, located in the virion-sense strand, encodes the putative 

coat protein (CP), and the other, in the complementary-sense strand (often having an 

intron of 166 to 226 nucleotides) (Kraberger et al., 2015a), encodes a putative 

replication-associated protein (Rep) similar to the Rep protein found in members of the 

family Geminiviridae (Schalk et al., 1989; Mullineaux et al., 1990; Dekker et al., 1991; 

Wright et al., 1997; Gutierrez, 1999). Genomovirids have a conserved stem-loop 

structure for initiating replication through the Rep protein which is analogous to those 

found in members of the families Geminiviridae, Circoviridae and Nanoviridae (Rosario 

et al., 2012b; Kraberger et al., 2015a). The structure, located at the origin of replication, 

includes a conserved nonameric sequence which is recognized by the Rep protein 

during the initiation of virion DNA replication. In genomovirids this nonanucleotide is 

variable (5'-TAWWDHWRN-3'), with the sequence 5'-TAATWYTAT-3' being the 

consensus for members of the genus Gemycircularvirus (Varsani & Krupovic, 2017), 

the most diverse genus of the family. 

 The genomovirid Rep is a multifunctional protein with well characterized 

functional domains. They consist of an His-hydrophobe-His (HUH) endonuclease 

domain in the amino (N) terminal portion and a superfamily 3 (SF3) helicase domain 

comprising a region of 120 nucleotides in its carboxy (C) terminal portion (Gorbalenya 

et al., 1990; Ilyina & Koonin, 1992; Koonin, 1993). The N-terminal region also contains 

conserved motifs I, II and III involved in the initiation and termination processes of 

rolling-circle replication (RCR) (Ilyina & Koonin, 1992; Vega-Rocha et al., 2007; 

Krupovic, 2013). The presence of one or two tyrosine residues in motif III separates 

Rep proteins into two superfamilies. The presence of a single catalytic tyrosine in motif 

III classifies genomovirid, geminivirid, bacilladnavirid, circovirid and nanovirid Reps (all 

families whose members infect eukaryotes) as superfamily II (Ilyina & Koonin, 1992; 

Krupovic, 2013). Superfamily I Reps have two tyrosine residues, and includes the Reps 

of bacteriophages and plasmids. The conserved motif I is related to the recognition of 

specific regions in the origin of replication of these viruses, while motif II, which 
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resembles that found in geminivirids, has catalytic histidine residues (Ilyina & Koonin, 

1992; Laufs et al., 1995a). A fourth conserved motif, GRS (geminivirus Rep sequence), 

is found only in genomovirids and geminivirids. Nash et al. (2011) demonstrated that 

GRS motifs are essential for the replication of tomato golden mosaic virus (TGMV). 

The presence of the GRS motif in members of Geminiviridae and Genomoviridae 

suggests an evolutionary relationship between these two families, reinforced by 

phylogenetic analyses (Krupovic et al., 2016). In the C-terminal portion, Walker A, 

Walker B, and motif C are present, which give Rep its helicase activity during RCR 

(Gorbalenya et al., 1990; Gorbalenya & Koonin, 1993) and catalyze the circularization 

of new strands following replication (Laufs et al., 1995b). 

 Unlike the high degree of homology found among Reps from the eukaryotic 

CRESS-DNA virus families, the CP is highly divergent. For example, the Sclerotinia 

sclerotiorum hypovirulence-associated DNA virus 1 (SsHADV-1) CP bears no 

similarity to geminivirid proteins, or to the CPs of any other viral families (Yoon et al., 

2011). 

 Genomoviridae was initially comprised of a single viral species, SsHADV-1, 

identified infecting the phytopathogenic fungus Sclerotinia sclerotiorum (Yu et al., 

2010). Due to the genetic similarity between SsHADV-1 and geminiviruses, it was 

named a "gemycircularvirus" (gemini-like, myco-infecting, circular virus). As additional 

similar viruses were discovered and characterized, the group was named 

"genomovirus" (gemini-like, no movement protein).  

Until 2017, virus taxonomy was unable to accommodate all SsHADV-1-like 

viruses identified in recent years. Varsani & Krupovic (2017) defined a species 

demarcation criterion through Rep-based phylogenetic analyzes of 121 available 

genomes, since the Rep gene is the only one with high homology even among the 

most divergent ssDNA viruses (Simmonds et al., 2017). Thus, using the guided 

phylogeny of Rep together with the taxonomy framework already established for 

Geminiviridae, it was possible to propose nine different genera within Genomoviridae. 

As a demarcation criterion for new species, it was defined that sequences with greater 

than 78% identity with another genomovirid belong to the same species. A nucleotide 

similarity of less than 78% identifies a new species. 

Currently, according to the ICTV, the Genomoviridae family is composed of 73 

viral species classified into nine genera. Gemycircularvirus is the largest genus with 

43 species, and includes SsHADV-1, the first representative of the family. 

Gemykibivirus is the second most diverse genus, with 16 species. The genera 
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Gemygorvirus, Gemykolovirus and Gemykrogvirus have, respectively, five, two and 

three species, while Gemyduguivirus, Gemykroznavirus, Gemytondvirus and 

Gemyvongvirus are composed of one species each (Adams et al., 2017). For naming 

purposes, all genera use the prefix "gemy" followed by "circular" in different languages 

to emphasize the circular structure of the genomes. 

To date, classification of viral sequences in the family Genomoviridae has been 

made almost exclusively by in silico analysis of metagenomic data (Krupovic et al., 

2016; Simmonds et al., 2017). Genomovirids have been identified in mammals, birds, 

human fluids (Zhou et al., 2015; Macera et al., 2019; Siqueira et al., 2019), 

environmental sediment (Assis et al., 2016), feces (Sikorski et al., 2013; Male et al., 

2016; Schmidlin et al., 2019b), sewage (Kraberger et al., 2015a), invertebrates 

(Rosario et al., 2011; Dayaram et al., 2012; Rosario et al., 2012a; Dayaram et al., 

2015; Steel et al., 2016; Tijssen et al., 2016; Kraberger et al., 2018a; Kraberger et al., 

2018b; Kraberger et al., 2019a; Kraberger et al., 2019b; Schmidlin et al., 2019a) and 

in plants (Kraberger et al., 2015b; Lamas et al., 2016; Rezende et al., 2018; Chiumenti 

et al., 2019; Richet et al., 2019). However, despite the large number of reports and 

their pervasive presence in the environment, the infectivity of genomovirids to specific 

hosts remains largely unknown. The only member of the family with known hosts is 

SsHADV-1, which infects the fungi Sclerotinia sclerotiorum, S. minor and S. nivali (Yu 

et al., 2010). Although all three hosts are associated with plants, infectivity assays 

clearly demonstrated that SsHADV-1 is unable to infect and move in plant cells (Yu et 

al., 2013). 

 Viruses belonging to the Genomoviridae have never been reported as plant 

pathogens, but have been identified in several plants. Dayaram et al. (2012) described 

a new cassava-associated gemycircularvirus, named Cassava associated circular 

DNA virus (CasCV). Another gemycircularvirus was identified in association with plants 

of Hypericum japonicum, and named Hypericum japonicum associated circular DNA 

virus (HJasCV) (Du et al., 2014). The presence of different gemycircularviruses 

associated with plants in the Poacea has also been reported (Kraberger et al., 2015b; 

Male et al., 2015). Ng et al. (2014) reported that a genomovirid was able to replicate in 

Nicotiana benthamiana, but without symptoms. Application of rolling-circle 

amplification (RCA) allowed the identification and sequencing of gemycircularviruses 

in association with olive trees (Olea europaea) in Italy (Chiumenti et al., 2019), with a 

wild grass (Brachiaria deflexa) and sugarcane in Tonga (Male et al., 2015), and with 

common bean (Phaseolus vulgaris) in Brazil (Lamas et al., 2016). Rezende et al. 
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(2018) identified two new gemycircularviruses in non-cultivated plants, Momordica 

charantia associated gemycircularvirus (MoaGmV), detected in association with 

Momordica charantia (family Cucurbitaceae) and Euphorbia heterophylla associated 

gemycircularvirus (EuaGmV), detected in association with Euphorbia heterophylla 

(family Euphorbiaceae). The genus Gemycircularvirus includes all plant-associated 

genomovirids found so far. This is an indication that members of this genus may play 

relevant ecological roles in association with plants. 

The objective of this work was to investigate the infectivity to plants of the two 

newly described gemycircularviruses, MoaGmV and EuaGmV. 
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Abstract 

 

Genomoviridae includes non-enveloped, ssDNA viruses with circular genomes ranging 

from 2.0 to 2.4 kb, containing two ORFs that encode a coat protein and a replication-

associated protein (Rep) similar to the Rep of members of the family Geminiviridae. 

The family contains 73 species classified into nine genera, with Gemycircularvirus as 

the largest genus. Genomovirids have been identified in mammals, birds, 

invertebrates, in a variety of environmental samples, and also in plants. However, 

despite their pervasive presence in the environment, the infectivity of genomovirids to 

specific hosts remains largely unknown. The gemycircularvirus SsHADV-1 remains the 

only genomovirid with a known (fungal) host. The genus Gemycircularvirus includes 

all plant-associated genomovirids found so far. It is possible that gemycircularviruses 

play relevant ecological roles in association with plants. Here, we report the first case 

of systemic infection of plants by a genomovirid, Euphorbia heterophylla associated 

gemycircularvirus (EuaGmV). A dimeric clone (ca. 4.4 kb) of EuaGmV was used for 

the biolistic inoculation of Euphorbia heterophylla and Nicotiana benthamiana plants. 

Control plants were inoculated with the geminivirus Euphorbia yellow mosaic virus 

(EuYMV) or with water. At 21 and 28 days after inoculation (dai), non-inoculated upper 

leaves of the EuaGmV-inoculated plants (which did not show any symptoms) were 

collected for PCR-based detection of the virus. Eight plants of E. heterophylla and all 

10 plants of N. benthamiana were positive for the presence of EuaGmV. Amplicons 

(612 bp) obtained from E. heterophylla were sequenced, and a 99.6% identity with 

EuaGmV was obtained. These results demonstrate, for the first time, that a 

gemycircularvirus (family Genomoviridae) is capable of systemically infecting plants.  
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Introduction 

Advances in culture-independent molecular techniques such as rolling-circle 

amplification (RCA) and viral metagenomics coupled with high throughput sequencing 

(HTS) are expanding our understanding of viral diversity, leading to the discovery of a 

variety of new viral families (1-3), including the Genomoviridae. 

 Genomovirids are non-enveloped circular ssDNA viruses with genomes ranging 

from 2 to 2.4 kb, containing two ORFs separated by an intergenic non-coding region 

(IR). One of the ORFs, located in the virion-sense strand, encodes the putative coat 

protein (CP). The second ORF, in the complementary-sense strand (often having an 

intron of 166 to 226 nucleotides) (4), encodes a putative replication-associated protein 

(Rep) similar to the Rep protein found in members of the family Geminiviridae (5-9). 

Genomovirids have a conserved stem-loop structure for initiating replication through 

the Rep protein which is analogous to those found in members of the families 

Geminiviridae, Circoviridae and Nanoviridae (4, 10). The structure includes a 

conserved nonameric sequence (5'-TAWWDHWRN-3') which is recognized by the 

Rep protein during the initiation of DNA replication.  

Genomoviridae was initially comprised of a single viral species, Sclerotinia 

sclerotiorum hypovirulence-associated DNA virus 1 (SsHADV-1), identified in the 

phytopathogenic fungus Sclerotinia sclerotiorum (11). Due to the genetic similarity 

between SsHADV-1 and geminiviruses, the virus was called a "gemycircularvirus" 

(gemini-like, myco-infecting, circular virus). As additional similar viruses were 

discovered and characterized, the group was named "genomovirus" (gemini-like, no 

movement protein). Currently, the Genomoviridae family includes 73 species classified 

into nine genera (12).  

Classification of viral sequences in the family Genomoviridae has been made 

almost exclusively by in silico analysis of metagenomic data (13, 14). Genomovirids 

have been identified in mammals, birds, human fluids (15-17), environmental sediment 

(18), feces (19-21), sewage (4), invertebrates (22-31) and also in plants (32-36).  

Despite the large number of reports and their pervasive presence in the 

environment, the infectivity of genomovirids to specific hosts remains largely unknown. 

The only member of the family with known hosts is SsHADV-1, which infects the fungi 

Sclerotinia sclerotiorum, S. minor and S. nivali (11). Although all three hosts are 

associated with plants, infectivity assays clearly demonstrated that SsHADV-1 is 

unable to infect and move in plant cells (37). 
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 Viruses belonging to the Genomoviridae have never been reported as plant 

pathogens, but have often been identified in association with plants. Interestingly, the 

genus Gemycircularvirus includes all plant-associated genomovirids found so far. This 

is an indication that members of this genus may play relevant ecological roles in 

association with plants. 

The objective of this work was to investigate the infectivity to plants of the two 

recently described gemycircularviruses, Euphorbia heterophylla associated 

gemycircularvirus (EuaGmV), detected in association with Euphorbia heterophylla 

(Euphorbiaceae), and Momordica charantia associated gemycircularvirus (MoaGmV), 

detected in association with Momordica charantia (Cucurbitaceae) (35). 

 

Material and Methods 

Viral isolates and plant material 

Viral clones containing a complete genomic copy of Euphorbia heterophylla 

associated gemycircularvirus (EuaGmV; GenBank accession number MH047858) and 

Momordica charantia associated gemycircularvirus (MoaGmV; MH047857) (35) were 

used for the experiments. All experiments were conducted under greenhouse 

conditions. Seeds of the species Euphorbia heterophylla, Momordica charantia and 

Nicotiana benthamiana, available at UFV, were used to obtain plants for the infectivity 

assays. 

Dimeric (infectious) clones of EuaGMV and MoaGmV were constructed as 

described by Ferreira et al. (38). The complete genomes (~2,200 nt) were released 

from the plasmid clones by digestion with ApaI (EuaGmV) and HindIII (MoaGmV). The 

genomes were recircularized with T4 DNA Ligase (Promega), followed by rolling-circle 

amplification (RCA) using the phi29 DNA polymerase (New England BioLabs) 

according to the manufacturer’s instructions. EuaGmV and MoaGmV RCA products 

were partially digested with ApaI and HindIII, respectively, and fragments 

corresponding to dimeric genomes (4,400 nt) were cloned into the pBluescript KS+ 

plasmid vector (Stratagene). All dimeric clones obtained were confirmed by Sanger 

sequencing (Macrogen, South Korea).  

 

Infectivity assays 

 Infectivity assays were performed using biolistics (39). The DNA of EuaGmV 

and MoaGmV dimeric clones was used as inoculum source. Positive control plants 
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were inoculated with the begomoviruses Euphorbia yellow mosaic virus (EuYMV) 

isolate BR:Cha510:10, known to infect E. heterophylla and N. benthamiana (40), and 

Tomato yellow spot virus (ToYSV) isolate BR:Bic2:99, known to infect N. benthamiana 

(41). 

 Plasmid DNA from all clones was isolated using the PureYield Plasmid Miniprep 

System (Promega) as recommended by the manufacturer. The integrity of the DNA 

was evaluated on 1% (w/v) agarose gels. Approximately 2 μg of DNA from each 

dimeric clone were precipitated in tungsten microparticles (M-10, Bio-Rad) in the 

presence of 1 M CaCl2, 13 mM spermidine and 70% (v/v) ethanol and deposited on 

carrier membranes. The membranes were placed on the particle accelerator and 

delivered at 40 kgf/mmHg in each plant. As a negative control, healthy plants of each 

species were inoculated with tungsten particles without DNA. 

 A total of 8 Euphorbia heterophylla and 10 Nicotiana benthamiana plants were 

inoculated with EuaGmV, and 20 Momordica charantia and 20 Nicotiana benthamiana 

plants (10 plants of each species in two independent experiment) were inoculated with 

MoaGmV. One day after the experiment, the plants were transplanted to pots and 

transferred to the greenhouse. 

 

Molecular diagnosis 

 To confirm the presence of the gemycircularviruses in inoculated plants, young 

upper leaves of all inoculated plants were collected at 14, 21 and 28 days after 

inoculation (dpi). Total DNA was extracted according Doyle and Doyle (42). 

Approximately 100 mg of leaf tissue were used for extraction of total DNA, which was 

used as a template in PCR reactions using specific oligonucleotides. EuaGmV-F (5'-

TCC CTC GAG AAC TTT CAA TG-3'; nt 1,853 to 1,872) and EuaGmV-R (5'-TAC TGT 

CGA TCT CCG GTA AG-3'; nt 340 to 321) oligonucleotides directed the amplification 

of a 612 bp fragment of the EuaGmV genome. MoaGmV-F (5'-GCA TAG TGT GCT 

CTC TGA AG-3'; nt 2,158 to 2,177) and MoaGmV-R (5'-GTT GCC TGA GGA AAT 

AAT GC-3'; nt 783 to 764) oligonucleotides directed the amplification of a 0,8 kb 

fragment of the MoaGmV genome. Amplification reactions were conducted on a Bio-

Rad C1000 Touch thermal cycler. All amplified PCR products were confirmed by 

Sanger sequencing (Macrogen). 
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Results 

Construction of dimeric clones  

 Three dimeric clones were obtained for EuaGmV (EuaGmV18, EuaGmV19 and 

EuaGmV24) and one for MoaGmV (MoaGmV04). Restriction analysis with ApaI, 

BamHI, EcoRV and HindIII showed the expected in silico pattern, confirmed by 

electrophoresis (Figure 1; Figure 2). Sequencing of clones EuaGmV18 and 

MoaGmV04 indicated identity with the original EuaGmV and MoaGmV isolates, 

respectively.  

 

Infectivity assays 

 Twenty plants of Momordica charantia and 20 of N. benthamiana were 

inoculated with the MoaGmV04 dimeric clone (Figure 3), but none of the plants were 

PCR-positive for MoaGmV detection (Figure 4). DNA barcoding confirmed N. 

benthamiana and M. charantia DNA quality (data not shown). On the other hand, hosts 

for EuaGmV were successfully identified. All eight plants of E. heterophylla and ten of 

N. benthamiana were systemically infected with dimeric EuaGmV18 clone, even 

though they were asymptomatic (Figure 5). PCR-based detection using specific 

oligonucleotides confirmed the presence of EuaGmV in upper, non-inoculated leaves 

of all plants (Figure 6). The plants were maintained in the greenhouse for an additional 

two months to verify the possibility of symptoms appearing later in the infection, but 

remained asymptomatic during this period. Negative control plants bombarded with 

tungsten particles without EuaGmV or MoaGmV DNA showed no symptoms and were 

PCR-negative for both viruses.  

 The amplicon (612 bp) obtained with primer pair EuaGmV-R/EuaGmV-F from 

one infected E. heterophylla plant was directly sequenced, and sequence comparisons 

confirmed a 99.6% nucleotide sequence identity with the corresponding sequence of 

EuaGmV (MH047858). Together these results indicate that the EuaGmV dimeric clone 

is fully infectious and biologically active in both E. heterophylla and N. benthamiana, 

even though no symptoms were observed in either host. 

 

Discussion 

 The first report of a gemycircularvirus dates back to 2010, when Yu et al. (11) 

described a virus able to induce hypovirulence in the fungus Sclerotinia sclerotiorum 
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(Sclerotinia sclerotiorum hypovirulence-associated DNA virus 1, SsHADV1). Since 

then, related viruses (now classified in the family Genomoviridae) have been isolated 

from a variety of sources, but no other study has identified hosts of a gemycircularvirus, 

or in fact of any member of the family, with one exception. A genomovirid (now 

classified in the genus Gemykrogvirus) isolated from 700-years old frozen Caribou 

feces (Rangifer tarandus caribou) was able to cause a non-symptomatic infection in N. 

benthamiana (43). Demonstrating that a gemycircularvirus infecting plants 

systemically is a significant finding, considering the pervasiveness of these viruses in 

the environment.  

Despite the absence of evidence, it has been generally assumed that 

gemycircularviruses are either fungal or plant viruses. Chiumenti et al. (32) 

characterized a gemycircularvirus found in olive trees, and tested the hypothesis that 

it could be a fungal virus by amplifying PCR fragments from total DNA extracted from 

the trees with "panfungal" primers. Sequence analysis of amplicons indicated similarity 

with fungi belonging to a range of genera, including Alternaria, Arthrocaldium, 

Dactylonectria, Hormonema, Isaria, Mycosphaerella, Pleospora and 

Toxicocladosporium. However, due to the wide diversity of fungal genera, the authors 

were unable to suggest a potential host for the virus.    

 In a previous work, our laboratories identified two gemycircularviruses in non-

cultivated plants, Euphorbia heterophylla and Momordica charantia (35). Both plants 

had virus-like symptoms, and although infection by the geminivirus Euphorbia yellow 

mosaic virus (EuYMV) was confirmed in the E. heterophylla sample, no DNA virus was 

detected in the M. charantia sample. Here, we demonstrate that the EuaGmV isolate 

is capable of systemically infecting Euphorbia heterophylla and Nicotiana benthamiana 

plants efficiently, strongly indicating that E. heterophylla is a natural host of EuaGmV. 

All infected plants remained asymptomatic for three months after inoculation. Non-

symptomatic infections have been observed previously in N. benthamiana when 

inoculated with geminiviruses for which it is an experimental host (44). The 

symptomless phenotype in inoculated E. heterophylla plants may reflect the simplicity 

of the EuaGmV genome, with only two genes encoding a capsid protein and a 

replication-associated protein. Symptoms of viruses in plants are often associated with 

viral proteins acting in the suppression of host defenses and viral movement (45-47), 

both of which seem to be lacking in genomovirids. The fact that the original sample 

from which EuaGmV was isolate was symptomatic could be due to co-infection with 
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EuYMV, since the symptoms were identical to those normally induced by this virus (40, 

48).  

 The cucurbit weed M. charantia seems not to be the natural host of MoaGmV. 

Several studies have demonstrated Momordica charantia as a reservoir host of 

begomoviruses (49-51) and potyviruses (52-54). Our attempts to detect 

begomoviruses and potyviruses in the M. charantia sample yielded negative results 

(data not shown). MoaGmV sequence comparisons with other gemycircularviruses 

indicated a maximum nucleotide identity for the complete genome of 74% with Plant 

associated genomovirus 16 (GenBank access number MH939396), 73% with Plant 

associated genomovirus 17 (GenBank access number MH939397) and  73% with 

Hypericum associated gemycircularvirus 1 (55), all of them isolated from plant extracts.  

 Huang et al. (56) reported 25 genera of fungi isolated from Momordica charantia 

in China, including endophytes belonging to potentially pathogenic species such as 

Alternaria, Colletotrichum, Fusarium and Rhizoctonia. Alternaria alternata was one of 

the most frequently isolated fungal species. It is reasonable to assume that MoaGmV 

could be associate to a fungal host associated with M. charantia plants. It is also 

possible that MoaGmV, and other genomovirids as well, are capable of infecting both 

plants and fungi. New evidence has shown that cross-kingdom virus transmission can 

occur experimentally and appears to occur in nature (57). 

 Plant viruses are frequently reported as disease-causing infectious agents that 

can cause a negative impact on their hosts and may sometimes be transmitted 

between crop and non-crop vegetation. In this context, viruses infecting non-cultivated 

hosts have the potential to start new diseases in cultivated plants (58). Bernardo et al. 

(59) demonstrated that the prevalence of viruses isolate from non-cultivated hosts can 

be high even in cultivated areas, since non-cultivated plants are frequently found in 

crop areas as weeds. 

 Besides their relevant economic importance as weeds, non-cultivated plants 

play an important role in ecosystems by acting/serving as viral reservoirs and inoculum 

sources (58, 60, 61). E. heterophylla plants are commonly found in crop areas (62, 63), 

and the begomovirus EuYMV is frequently found infecting E. heterophylla plants (40, 

48). The detection of EuaGmV in EuYMV-infected E. heterophylla plants and the 

similarities between gemycircularviruses and begomoviruses in terms of genome 

architecture warrant further studies regarding a possible relation between EuaGmV 

and EuYMV. Nevertheless, despite what we report in this work, the nature of the 

interaction between gemycircularviruses and plants remains poorly understood and it 



 19 

is not possible to affirm that these viruses are plant pathogens. It can be speculated 

that the pervasive presence and diversity of gemycircularvirus points to a relevant role, 

but this remains undetermined. 

 

Acknowledgements  

This work was funded by grants from CNPq (409599/2016-6) and Fapemig (CAG-

APQ-03444-16) to F.M.Z.  

 

References 

 
1. Breitbart M, Thompson LR, Suttle CA, Sullivan MB. 2007. Exploring the vast diversity 

of marine viruses. Oceanography 20:135-139. 

2. Comeau AM, Chan AM, Suttle CA. 2006. Genetic richness of vibriophages isolated in 
a coastal environment. Environmental Microbiology 8:1164-1176. 

3. Culley AI, Steward GF. 2007. New genera of RNA viruses in subtropical seawater, 
inferred from polymerase gene sequences. Applied and Environmental Microbiology 
73:5937-5944. 

4. Kraberger S, Argueello-Astorga GR, Greenfield LG, Galilee C, Law D, Martin DP, 
Varsani A. 2015. Characterisation of a diverse range of circular replication-associated 
protein encoding DNA viruses recovered from a sewage treatment oxidation pond. 
Infection, Genetics and Evolution 31:73-86. 

5. Dekker EL, Woolston CJ, Xue Y, Cox B, Mullineaux PM. 1991. Transcript mapping 
reveals different expression strategies for the bicistronic RNAs of the geminivirus wheat 
dwarf virus. Nucleic Acids Research 19:4075-4081. 

6. Gutierrez C. 1999. Geminivirus DNA replication. Cellular and Molecular Life Sciences 
56:313-329. 

7. Mullineaux PM, Guerineau F, Accotto GP. 1990. Processing of complementary sense 
RNAs of Digitaria streak virus in its host and in transgenic tobacco. Nucleic Acids 
Research 18:7259-65. 

8. Schalk H-J, Matzeit V, Schiller B, Schell J, Gronenborn B. 1989. Wheat dwarf virus, a 
geminivirus of graminaceous plants needs splicing for replication. EMBO Journal 
8:359-364. 

9. Wright EA, Heckel T, Groenendijk J, Davies JW, Boulton MI. 1997. Splicing features in 
maize streak virus virion- and complementary-sense gene expression. Plant Journal 
12:1285-97. 

10. Rosario K, Duffy S, Breitbart M. 2012. A field guide to eukaryotic circular single-
stranded DNA viruses: Insights gained from metagenomics. Archives of Virology 
157:1851-1871. 

11. Yu X, Li B, Fu YP, Jiang DH, Ghabrial SA, Li GQ, Peng YL, Xie JT, Cheng JS, Huang 
JB, Yi XH. 2010. A geminivirus-related DNA mycovirus that confers hypovirulence to a 
plant pathogenic fungus. Proceedings of the National Academy of Sciences, USA 
107:8387-8392. 

12. Adams MJ, Lefkowitz EJ, King AM, Harrach B, Harrison RL, Knowles NJ, Kropinski 
AM, Krupovic M, Kuhn JH, Mushegian AR. 2017. Changes to taxonomy and the 
International Code of Virus Classification and Nomenclature ratified by the International 
Committee on Taxonomy of Viruses (2017). Archives of Virology 162:2505-2538. 



 20 

13. Simmonds P, Adams MJ, Benkő M, Breitbart M, Brister JR, Carstens EB, Davison AJ, 
Delwart E, Gorbalenya AE, Harrach B, Hull R, King AMQ, Koonin EV, Krupovic M, 
Kuhn JH, Lefkowitz EJ, Nibert ML, Orton R, Roossinck MJ, Sabanadzovic S, Sullivan 
MB, Suttle CA, Tesh RB, van der Vlugt RA, Varsani A, Zerbini FM. 2017. Consensus 
statement: virus taxonomy in the age of metagenomics. Nature Reviews Microbiology 
15:161. 

14. Krupovic M, Ghabrial SA, Jiang D, Varsani A. 2016. Genomoviridae: a new family of 
widespread single-stranded DNA viruses. Archives of Virology 161:2633-2643. 

15. Macera L, Spezia PG, Medici C, Falasca F, Sciandra I, Antonelli G, Focosi D, Pistello 
M, Maggi F. 2019. Low prevalence of gemycircularvirus DNA in immunocompetent and 
immunocompromised subjects. New Microbiologica 41. 

16. Siqueira JD, Curty G, Xutao D, Hofer CB, Machado ES, Seuánez HN, Soares MA, 
Delwart E, Soares EA. 2019. Composite analysis of the virome and bacteriome of 
HIV/HPV co-infected women reveals proxies for immunodeficiency. Viruses 11:422. 

17. Zhou C, Zhang S, Gong Q, Hao A. 2015. A novel gemycircularvirus in an unexplained 
case of child encephalitis. Virology Journal 12:197. 

18. Assis MRS, Vieira CB, Fioretti JM, Rocha MS, Almeida PIN, Miagostovich MP, Fumian 
TM. 2016. Detection and molecular characterization of gemycircularvirus from 
environmental samples in Brazil. Food and Environmental Virology 8:305-309. 

19. Male MF, Kraberger S, Stainton D, Kami V, Varsani A. 2016. Cycloviruses, 
gemycircularviruses and other novel replication-associated protein encoding circular 
viruses in Pacific flying fox (Pteropus tonganus) faeces. Infection, Genetics and 
Evolution 39:279-292. 

20. Schmidlin K, Sepp T, Khalifeh A, Smith K, Fontenele RS, McGraw KJ, Varsani A. 2019. 
Diverse genomoviruses representing eight new and one known species identified in 
feces and nests of house finches (Haemorhous mexicanus). Archives of Virology:1-6. 

21. Sikorski A, Massaro M, Kraberger S, Young LM, Smalley D, Martin DP, Varsani A. 
2013. Novel myco-like DNA viruses discovered in the faecal matter of various animals. 
Virus Research 177:209-216. 

22. Dayaram A, Potter KA, Pailes R, Marinov M, Rosenstein DD, Varsani A. 2015. 
Identification of diverse circular single-stranded DNA viruses in adult dragonflies and 
damselflies (Insecta: Odonata) of Arizona and Oklahoma, USA. Infection, Genetics and 
Evolution 30:278-287. 

23. Kraberger S, Visnovsky GA, van Toor RF, Male MF, Waits K, Fontenele RS, Varsani 
A. 2018. Genome sequences of two single-stranded DNA viruses identified in Varroa 
destructor. Genome Announcements 6:e00107-18. 

24. Kraberger S, Hofstetter RW, Potter KA, Farkas K, Varsani A. 2018. Genomoviruses 
associated with mountain and western pine beetles. Virus Research 256:17-20. 

25. Kraberger S, Cook CN, Schmidlin K, Fontenele RS, Bautista J, Smith B, Varsani A. 
2019. Diverse single-stranded DNA viruses associated with honey bees (Apis 
mellifera). Infection, Genetics and Evolution 71:179-188. 

26. Kraberger S, Schmidlin K, Fontenele RS, Walters M, Varsani A. 2019. Unravelling the 
single-stranded DNA virome of the New Zealand blackfly. Viruses 11:532. 

27. Rosario K, Marinov M, Stainton D, Kraberger S, Wiltshire EJ, Collings DA, Walters M, 
Martin DP, Breitbart M, Varsani A. 2011. Dragonfly cyclovirus, a novel single-stranded 
DNA virus discovered in dragonflies (Odonata: Anisoptera). Journal of General 
Virology 92:1302-1308. 

28. Rosario K, Dayaram A, Marinov M, Ware J, Kraberger S, Stainton D, Breitbart M, 
Varsani A. 2012. Diverse circular ssDNA viruses discovered in dragonflies (Odonata: 
Epiprocta). Journal of General Virology 93:2668-2681. 



 21 

29. Schmidlin K, Kraberger S, Fontenele RS, De Martini F, Chouvenc T, Gile GH, Varsani 
A. 2019. Genome sequences of microviruses associated with Coptotermes 
formosanus. Microbiology Resource Announcements 8:e00185-19. 

30. Steel O, Kraberger S, Sikorski A, Young LM, Catchpole RJ, Stevens AJ, Ladley JJ, 
Coray DS, Stainton D, Dayaram A. 2016. Circular replication-associated protein 
encoding DNA viruses identified in the faecal matter of various animals in New Zealand. 
Infection, Genetics and Evolution 43:151-164. 

31. Tijssen P, Pénzes JJ, Yu Q, Pham HT, Bergoin M. 2016. Diversity of small, single-
stranded DNA viruses of invertebrates and their chaotic evolutionary past. Journal of 
Invertebrate Pathology 140:83-96. 

32. Chiumenti M, Greco C, Antelmi I, Sion V, Altamura G, Nigro F, Saldarelli P. 2019. 
Molecular characterisation of a novel gemycircularvirus associated with olive trees in 
Italy. Virus Research 263:169-172. 

33. Kraberger S, Farkas K, Bernardo P, Booker C, Argüello-Astorga GR, Mesléard F, 
Martin DP, Roumagnac P, Varsani A. 2015. Identification of novel Bromus-and 
Trifolium-associated circular DNA viruses. Archives of Virology 160:1303-1311. 

34. Lamas NS, Fontenele RS, Melo FL, Costa AF, Varsani A, Ribeiro SG. 2016. Complete 
genome sequence of a genomovirus associated with common bean plant leaves in 
Brazil. Genome Announcements 4:e01247-16. 

35. Rezende RR, Mar TB, Páez LMC, da Silva Xavier A, Xavier CAD, Navas-Castillo J, 
Zerbini FM, Alfenas-Zerbini P. 2018. Complete genome sequences of two 
gemycircularviruses associated with non-cultivated plants in Brazil. Archives of 
Virology 163:3163-3166. 

36. Richet C, Kraberger S, Filloux D, Bernardo P, Harkins GW, Martin DP, Roumagnac P, 
Varsani A. 2019. Novel circular DNA viruses associated with Apiaceae and Poaceae 
from South Africa and New Zealand. Archives of Virology 164:237-242. 

37. Yu X, Li B, Fu Y, Xie J, Cheng J, Ghabrial SA, Li G, Yi X, Jiang D. 2013. Extracellular 
transmission of a DNA mycovirus and its use as a natural fungicide. Proceedings of 
the National Academy of Sciences, USA 110:1452-1457. 

38. Ferreira PT, Lemos TO, Nagata T, Inoue-Nagata AK. 2008. One-step cloning approach 
for construction of agroinfectious begomovirus clones. Journal of Virological Methods 
147:351-4. 

39. Aragão FJL, Barros LMG, Brasileiro ACM, Ribeiro SG, Smith FD, Sanford JC, Faria 
JC, Rech EL. 1996. Inheritance of foreign genes in transgenic bean (Phaseolus 
vulgaris L.) co-transformed via particle bombardment. Theoretical and Applied 
Genetics 93:142-150. 

40. Mar TB, Xavier CAD, Lima ATM, Nogueira AM, Silva JCF, Ramos-Sobrinho R, Lau D, 
Zerbini FM. 2017. Genetic variability and population structure of the New World 
begomovirus Euphorbia yellow mosaic virus. Journal of General Virology 98:1537-
1551. 

41. Calegario RF, Ferreira SS, Andrade EC, Zerbini FM. 2007. Characterization of Tomato 
yellow spot virus (ToYSV), a novel tomato-infecting begomovirus from Brazil. Pesquisa 
Agropecuária Brasileira 42:1335-1343. 

42. Doyle JJ, Doyle JL. 1987. A rapid DNA isolation procedure for small amounts of fresh 
leaf tissue. Phytochemical Bulletin 19:11-15. 

43. Ng TFF, Chen L-F, Zhou Y, Shapiro B, Stiller M, Heintzman PD, Varsani A, Kondov 
NO, Wong W, Deng X. 2014. Preservation of viral genomes in 700-y-old caribou feces 
from a subarctic ice patch. Proceedings of the National Academy of Sciences, USA 
111:16842-16847. 



 22 

44. Petty IT, Carter SC, Morra MR, Jeffrey JL, Olivey HE. 2000. Bipartite geminivirus host 
adaptation determined cooperatively by coding and noncoding sequences of the 
genome. Virology 277:429-38. 

45. Kasschau KD, Xie Z, Allen E, Llave C, Chapman EJ, Krizan KA, Carrington JC. 2003. 
P1/HC-Pro, a viral suppressor of RNA silencing, interferes with Arabidopsis 
development and miRNA function. Developmental Cell 4:205-17. 

46. Hou YM, Sanders R, Ursin VM, Gilbertson RL. 2000. Transgenic plants expressing 
geminivirus movement proteins: Abnormal phenotypes and delayed infection by 
Tomato mottle virus in transgenic tomatoes expressing the Bean dwarf mosaic virus 
BV1 or BC1 proteins. Molecular Plant-Microbe Interactions 13:297-308. 

47. Cui XF, Li GX, Wang DW, Hu DW, Zhou XP. 2005. A begomovirus DNA beta-encoded 
protein binds DNA, functions as a suppressor of RNA silencing, and targets the cell 
nucleus. Journal of Virology 79:10764-10775. 

48. Fernandes FR, Albuquerque LC, Oliveira CL, Cruz ARR, Rocha WB, Pereira TG, Naito 
FYB, Dias ND, Nagata T, Faria JC, Zerbini FM, Aragão FJL, Inoue-Nagata AK. 2011. 
Molecular and biological characterization of a new Brazilian begomovirus, euphorbia 
yellow mosaic virus (EuYMV), infecting Euphorbia heterophylla plants. Archives of 
Virology 156:2063-2069. 

49. Rajinimala N, Rabimdran R, A. Kamalakannan A, Mareeswari P. 2005. Virus-vector 
relationship of Bittergourd yellow mosaic virus and the whitefly Bemisia tabaci Genn. 
Acta Phytopathologica et Entomologica Hungarica 40:23-30. 

50. Rajinimala N, Rabindran R. 2007. First report of Indian cassava mosaic virus on 
bittergourd (Momordica charantia) in Tamil Nadu, India. Australasian Plant Disease 
Notes 2:81-82. 

51. Tiwari A, Snehi S, Khan M, Sharma P, Raj S, Rao G. 2012. Molecular detection and 
identification of Tomato leaf curl New Delhi virus associated with yellow mosaic and 
leaf curl disease of Luffa cylindrica in India. Indian Phytopathology 65:80-84. 

52. Chin M, Ahmad M, Tennant P. 2007. Momordica charantia is a weed host reservoir for 
Papaya ringspot virus type P in Jamaica. Plant Disease 91:1518-1518. 

53. Wang D, Boluk G, Quinto EA, Hamim I, Borth WB, Melzer M, Green J, Suzuki J, Wall 
M, Matsumoto T. 2019. First report of Zucchini tigre mosaic virus infecting bitter melon 
(Momordica charantia) in Hawaii. Plant Disease 103:1047-1047. 

54. Adkins S, Webb SE, Baker CA, Kousik CS. 2008. Squash vein yellowing virus detection 
using nested polymerase chain reaction demonstrates that the cucurbit weed 
Momordica charantia is a reservoir host. Plant Disease 92:1119-1123. 

55. Du Z, Tang Y, Zhang S, She X, Lan G, Varsani A, He Z. 2014. Identification and 
molecular characterization of a single-stranded circular DNA virus with similarities to 
Sclerotinia sclerotiorum hypovirulence-associated DNA virus 1. Archives of Virology 
159:1527-1531. 

56. Huang J-H, Xiang M-M, Jiang Z-D. 2018. Endophytic fungi of bitter melon (Momordica 
charantia) in Guangdong province, China. The Great Lakes Entomologist 45:2. 

57. Roossinck MJ. 2019. Evolutionary and ecological links between plant and fungal 
viruses. New Phytologist 221:86-92. 

58. Prajapat R, Marwal A, Gaur R. 2014. Begomovirus associated with alternative host 
weeds: a critical appraisal. Archives of Phytopathology and Plant Protection 47:157-
170. 

59. Bernardo P, Charles-Dominique T, Barakat M, Ortet P, Fernandez E, Filloux D, 
Hartnady P, Rebelo TA, Cousins SR, Mesleard F, Cohez D, Yavercovski N, Varsani A, 
Harkins GW, Peterschmitt M, Malmstrom CM, Martin DP, Roumagnac P. 2018. 



 23 

Geometagenomics illuminates the impact of agriculture on the distribution and 
prevalence of plant viruses at the ecosystem scale. ISME Journal 12:173-184. 

60. Cooper I, Jones RA. 2006. Wild plants and viruses: under-investigated ecosystems. 
Advances in Virus Research 67:1-47. 

61. Ferro CG, Silva JP, Xavier CAD, Godinho MT, Lima ATM, Mar TB, Lau D, Zerbini FM. 
2017. The ever increasing diversity of begomoviruses infecting non-cultivated hosts: 
new species from Sida spp. and Leonurus sibiricus, plus two New World 
alphasatellites. Annals of Applied Biology 170:204-218. 

62. Bridges DC, Brecke BJ, Barbour JC. 1992. Wild poinsettia (Euphorbia heterophylla) 
interference with peanut (Arachis hypogaea). Weed Science 40:37-42. 

63. Willard TS, Griffin JL. 1993. Soybean (Glycine max) yield and quality responses 
associated with wild poinsettia (Euphorbia heterophylla) control programs. Weed 
Technology 7:118-122. 

 

  



 24 

Figure Legends 

 

Figure 1. A. Restriction analysis of the Euphorbia heterophylla associated 

gemycircularvirus (EuaGmV) dimeric clone EuaGmV18 with enzymes ApaI, BamHI, 

EcoRV and HindIII. B. In silico-predicted ApaI, BamHI, EcoRV and HindIII restriction 

patterns of the EuaGmV18 dimeric clone. M. Size marker (1Kb Plus DNA Ladder, 

Invitrogen). 

 

Figure 2. A. Restriction analysis of the Momordica charantia associated 

gemycircularvirus (MoaGmV) dimeric clone MoaGmV04 with enzymes ApaI, BamHI 

and HindIII. B. In silico-predicted ApaI, BamHI and HindIII restriction pattern of the 

MoaGmV04 dimeric clone.  M. Size marker (1Kb Plus DNA Ladder, Invitrogen).  

 

Figure 3. Plants of Momordica charantia and Nicotiana benthamiana at 28 days after 

biolistic inoculation with the Momordica charantia associated gemycircularvirus 

(MoaGmV) dimeric clone. Mock, plants inoculated with tungsten particles without DNA 

(as a negative control). ToYSV, plants inoculated with an infectious clone of the 

geminivirus Tomato yellow spot virus (as a positive control). 

 

Figure 4. PCR-based detection of Momordica charantia associated gemycircularvirus 

(MoaGmV) in inoculated plants. M, size marker (1Kb Plus DNA Ladder, Invitrogen). 

(-), no-DNA PCR control. 1-10, Momordica charantia plants inoculated with the 

MoaGmV dimeric clone. 11-15, Nicotiana benthamiana plants inoculated with the 

MoaGmV dimeric clone; McH2O, NbH2O, M. charantia and N. benthamiana plants 

inoculated with tungsten particles without DNA (as negative controls), respectively; (+), 

PCR amplification from the MoaGmV dimeric clone (as a PCR positive control). The 

800 bp band expected if samples were PCR-positive is indicated. 

 

Figure 5. Plants of Euphorbia heterophylla and Nicotiana benthamiana at 28 days after 

biolistic inoculation with the Euphorbia heterophylla associated gemycircularvirus 

(EuaGmV) dimeric clone. Mock, plants inoculated with tungsten particles without DNA 

(as a negative control).  EuYMV, plants inoculated with an infectious clone of the 

geminivirus Euphorbia yellow mosaic virus (as a positive control). 
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Figure 6. PCR-based detection of Euphorbia heterophylla associated 

gemycircularvirus (EuaGmV) in inoculated plants. M, size marker (1Kb Plus DNA 

Ladder, Invitrogen). 1, Euphorbia heterophylla plant inoculated with EuaGmV. 2, 

Nicotiana benthamiana plant inoculated with EuaGmV. (-), no-DNA PCR control. (+), 

PCR amplification from the EuaGmV dimeric clone (as a PCR positive control). The 

612 bp band corresponding to the EuaGmV fragment is indicated. 
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GENERAL CONCLUSIONS 

 
1. The gemycircularvirus Euphorbia heterophylla associated gemycircularvirus 

(EuaGmV; fam. Genomoviridae) infects plants systemically, and its host range 

includes Euphorbia heterophylla, the plant from where it was originally isolated, 

and Nicotiana benthamiana. 

2. The dimeric clone MoaGmV04, of the gemycircularvirus Momordica charantia 

associated gemycircularvirus (MoaGmV; fam. Genomoviridae), was not able to 

infect Momordica charantia or Nicotiana benthamiana plants. 


