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Capsid diameter:  ~400 nm 
Genome size:  1,181,404 bp 
# of genes:  1,018 

Porcine circovirus 1 
 
Capsid diameter:  ~17 nm 
Genome size:  1,758 nt 
# of genes:  2 
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Giant viruses versus tiny ones 



Adenoviridae, Alloherpesviridae, Alphaflexiviridae, Alphatetraviridae, Alvernaviridae, 
Amalgaviridae, Ampullaviridae, Anelloviridae, Arenaviridae, Arteriviridae, Ascoviridae, 
Asfarviridae, Astroviridae, Bacilladnavirus, Bacillarnavirus, Baculoviridae, Barnaviridae, 
Benyviridae, Betaflexiviridae, Bicaudaviridae, Bidnaviridae, Birnaviridae, Bornaviridae, 
Bromoviridae, Bunyaviridae, Caliciviridae, Carmotetraviridae, Caulimoviridae, 
Chrysoviridae, Cilevirus, Circoviridae, Clavaviridae, Closteroviridae, Coronaviridae, 
Corticoviridae, Cystoviridae, Deltavirus, Dicistroviridae, Dinodnavirus, Emaravirus, 
Endornaviridae, Filoviridae, Flaviviridae, Fuselloviridae, Gammaflexiviridae, Geminiviridae, 
‘Gemycircularvirus’, Globuloviridae, Guttaviridae, Hepadnaviridae, Hepeviridae, 
Herpesviridae, Higrevirus, Hypoviridae, Hytrosaviridae, Idaeovirus, Iflaviridae, Inoviridae, 
Iridoviridae, Labyrnavirus, Leviviridae, Lipothrixviridae, Luteoviridae, Malacoherpesviridae, 
Marnaviridae, Marseilleviridae, Megabirnaviridae, Mesoniviridae, Metaviridae, 
Microviridae, Mimiviridae, Myoviridae, Nanoviridae, Narnaviridae, Nimaviridae, 
Nodaviridae, Nudiviridae, Ophioviridae, Orthomyxoviridae, Ourmiavirus, Papillomaviridae, 
Paramyxoviridae, Partitiviridae, Parvoviridae, Permutotetraviridae, Phycodnaviridae, 
Picobirnaviridae, Picornaviridae, ‘Pleolipoviridae’, Plasmaviridae, Podoviridae, 
Polemovirus, Polydnaviridae, Polyomaviridae, Potyviridae, Poxviridae, Pseudoviridae, 
Quadriviridae, Reoviridae, Retroviridae, Rhabdoviridae, Rhizidiovirus, Roniviridae, 
Rudiviridae, Salterprovirus, Secoviridae, Sobemovirus, Siphoviridae, Spiraviridae, 
‘Sphaerolipoviridae’, Tectiviridae, Tenuivirus, Togaviridae, Tombusviridae, Totiviridae, 
Turriviridae, Tymoviridae, Umbravirus, Varicosavirus, Virgaviridae 

The (described) virosphere: 120 distinct taxa 



Adenoviridae, Alloherpesviridae, Alphaflexiviridae, Alphatetraviridae, Alvernaviridae, 
Amalgaviridae, Ampullaviridae, Anelloviridae, Arenaviridae, Arteriviridae, Ascoviridae, 
Asfarviridae, Astroviridae, Bacilladnavirus, Bacillarnavirus, Baculoviridae, Barnaviridae, 
Benyviridae, Betaflexiviridae, Bicaudaviridae, Bidnaviridae, Birnaviridae, Bornaviridae, 
Bromoviridae, Bunyaviridae, Caliciviridae, Carmotetraviridae, Caulimoviridae, 
Chrysoviridae, Cilevirus, Circoviridae, Clavaviridae, Closteroviridae, Coronaviridae, 
Corticoviridae, Cystoviridae, Deltavirus, Dicistroviridae, Dinodnavirus, Emaravirus, 
Endornaviridae, Filoviridae, Flaviviridae, Fuselloviridae, Gammaflexiviridae, Geminiviridae, 
‘Gemycircularvirus’, Globuloviridae, Guttaviridae, Hepadnaviridae, Hepeviridae, 
Herpesviridae, Higrevirus, Hypoviridae, Hytrosaviridae, Idaeovirus, Iflaviridae, Inoviridae, 
Iridoviridae, Labyrnavirus, Leviviridae, Lipothrixviridae, Luteoviridae, Malacoherpesviridae, 
Marnaviridae, Marseilleviridae, Megabirnaviridae, Mesoniviridae, Metaviridae, 
Microviridae, Mimiviridae, Myoviridae, Nanoviridae, Narnaviridae, Nimaviridae, 
Nodaviridae, Nudiviridae, Ophioviridae, Orthomyxoviridae, Ourmiavirus, Papillomaviridae, 
Paramyxoviridae, Partitiviridae, Parvoviridae, Permutotetraviridae, Phycodnaviridae, 
Picobirnaviridae, Picornaviridae, ‘Pleolipoviridae’, Plasmaviridae, Podoviridae, 
Polemovirus, Polydnaviridae, Polyomaviridae, Potyviridae, Poxviridae, Pseudoviridae, 
Quadriviridae, Reoviridae, Retroviridae, Rhabdoviridae, Rhizidiovirus, Roniviridae, 
Rudiviridae, Salterprovirus, Secoviridae, Sobemovirus, Siphoviridae, Spiraviridae, 
‘Sphaerolipoviridae’, Tectiviridae, Tenuivirus, Togaviridae, Tombusviridae, Totiviridae, 
Turriviridae, Tymoviridae, Umbravirus, Varicosavirus, Virgaviridae 

The (described) virosphere: 120 distinct taxa 

ssDNA viruses belong to 12 out of 120 taxa 



Microviridae, 
Inoviridae 

Anelloviridae, 
Bidnaviridae, 
Circoviridae, 
Geminiviridae, 
Nanoviridae, 
Parvoviridae, 
Bacilladnavirus, 
Geminicyclovirus 

Pleolipoviridae, 
Spiraviridae 
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Genomes of eukaryotic ssDNA viruses are <10 kb 



Majority of ssDNA viruses replicate via RC mechanism 

Rosario, Duffy, Breitbart, Arch Virol  2012 



Krupovic, Curr Opin Virol 2013 



+RNA viruses RC plasmids 

ssDNA viruses 

Bilateral evolutionary relationship 



Krupovic, Curr Opin Virol 2013 

Relationship between ssDNA viruses and RC plasmids 

RC endonuclease domain SF3 helicase domain 



Krupovic, Curr Opin Virol 2013 





Geminiviruses: a tale of a 
plasmid becoming a virus 



Krupovic, Ravantti, Bamford, BMC Evol Biol 2009 

Satellite tobacco 

necrosis virus 

(ssRNA) 

Geminiviridae 

(ssDNA) 



circoviruses 

geminiviruses 

phytoplasmal plasmids 

Bifidobacterium plasmid 

Krupovic, Ravantti, Bamford, BMC Evol Biol 2009 



Selth, Randles, Rezaian, FEBS Lett 2002 

Geminiviruses contain prokaryotic promoters 



Krupovic, Ravantti, Bamford, BMC Evol Biol 2009 

Plasmid-to-virus transition 



CHIMERIC VIRUSES 



Diemer, Stedman, Biol Direct 2012 

Chimeric viruses: RNA-DNA hybrid virus (RDHV) 



Diemer, Stedman, Biol Direct 2012 

Chimeric viruses: RNA-DNA hybrid virus (RDHV) 



Diemer, Stedman, Biol Direct 2012 

Chimeric viruses: RNA-DNA hybrid virus (RDHV) 



Krupovic, BioEssays  2012 

Recombination between RNA and DNA viruses 



Roux, Enault, Bronner, Vaulot, Forterre, Krupovic, Nature Commun 2013 

Chimeric viruses display various genome organizations 



Roux, Enault, Bronner, Vaulot, Forterre, Krupovic, Nature Commun 2013 

All chimeric viruses encode tombusvirus-like CPs 



Unique CP gene transfer between RNA and DNA viruses 

Roux, Enault, Bronner, Vaulot, Forterre, Krupovic, Nature Commun 2013 

CHIVs 

ssRNA 
viruses 



Roux, Enault, Bronner, Vaulot, Forterre, Krupovic, Nature Commun 2013 

Nanoviridae 

Circoviridae 

Geminiviridae 

Multiple transfers of the RC Rep genes 



Roux, Enault, Bronner, Vaulot, Forterre, Krupovic, Nature Commun 2013 

Multiple transfers of the RC Rep genes 

Nanoviridae 

Circoviridae 

Geminiviridae 



Rep1 

Rep3 

Rep2 

Rep1 



Krupovic, Curr Opin Virol 2013 

Evolutionary continuum between ssRNA and ssDNA viruses 



Krupovic, Curr Opin Virol 2013 

Polyphyletic origin of ssDNA viruses 



Extreme genetic mosaicism 
in the Bidnaviridae 



Hu, Li, Li, Yao, Chen, Chin Sci Bull 2013 

Bidnaviridae 

• Infect silkworm (Bombyx mori); 
 

• Bipartite, linear ssDNA genome; 
 

• Virions are spherical, non-enveloped; 
 

• TIRs do not form typical T-shaped structures; 
 

• Encode protein-primed PolB.  



Krupovic and Koonin, Sci Rep 2014 



Krupovic and Koonin, Sci Rep 2014 

1 kb 

Kapitonov and Jurka, Proc Natl Acad Sci U S A 2006 





Krupovic and Koonin, Sci Rep 2014 



Bidnaviridae 

Parvoviridae Polintoviruses 

Reoviridae Baculoviridae 

dsDNA 

dsDNA 

ssDNA 

dsRNA 



Krupovic and Koonin, Sci Rep 2014 



Wasp (host) genome 

Polintovirus 

Polydnaviridae 

? 

Parvoviridae 

Metaviridae/Gypsy  

Viral ‘Russian doll’ 



Krupovic, Curr Opin Virol 2013 

Evolutionary continuum between small RNA and DNA viruses 
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