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Talk Objectives 
 

•  Introduction to the family Iridoviridae 
•  Taxonomy and basic biology 
 

•  Introduction to the genus Ranavirus 
•  Taxonomy and basic biology 

 
•  Phylogenomic patterns 
•  Gene trees 
•  Genome organization 

•  Phylodynamic modeling 
•  Expanding geographic and host ranges 
•  Recombination  

Family Iridoviridae Taxonomy  

•  Diverse group of Nucleocytoplasmic Large dsDNA Viruses 
(NCLDV)   

•  Virion: enveloped icosahedral capsid (120-350 nm) 

•  Taxonomy 
–  Genus Iridovirus (arthropod hosts) 

–  Genus Chloriridovirus (arthropod hosts) 

–  Genus Lymphocystivirus (fish hosts) 

–  Genus Megalocytivirus (fish hosts) 

–  Genus Ranavirus (fish, amphibian, & reptilian hosts) 
§  FV3, BIV, EHNV, ATV, ECV, SCRV 

§  Unassigned members: CMTV, REV, ADRV, CoIV/RMAX, SERV, SGIV/GIV 

–  Unassigned members: EIVs (fish, amphibian, & reptilian hosts) 
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Sequencing Iridovirus Genomes 
•  33 iridovirus samples contributed by the international ranavirus  
      community  
•  Cell culture on EPC/BF-2   
•  Freeze thaw x 3, slow spin, fast spin, DNAse treatment,  
      sucrose cushion, DNA extracted via commercial Qiagen kit 
•  DNA sheared via sonication, dual indexed libraries via Illumina TruSeq (no 

PCR) 
•  Each library prepared in a hood on separate days, MiSeq bleached between runs 
•  Typical V3 chemistry (2 x 300 bps), 40 MRs 
•  Typical virus (Index) 1.9 MRs / 2 MRs = 95% pure! 
•  De novo assembly in SPAdes, Velvet, CLC Genomics  

–  Greater than 1000x coverage 

 
 
 
 
 

Sequencing Iridovirus Genomes 
•  1992 – 2014 (22 years): 27 iridoviruses sequenced  

•  2014 – 2015: 33 iridoviruses sequenced 

•  More than doubled iridovirus genomic sequences in 
less than 1 year!!! 

•  ML analysis (Mega 6.0)   

−  19 iridovirus core genes (14,815 aligned aa 
characters) 

Iridoviridae Tree of Life 
Genera: Iridovirus & Chloridovirus 

•  Arthropod hosts 
•  “Rainbow-like iridescence” 

 

ATV	  
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Genus: Hemocytivirus 
•  Fish, amphibian, reptile hosts 
•  Hematological disease  

 

 
 
 
 
 
 

Iridoviridae Tree of Life 

ATV	  

Iridoviridae Tree of Life 
Genus: Megalocytivirus 

•  Freshwater/marine fish hosts 
•  Systemic lethal disease 

 

 
 
 
 

ATV	  

Genus: Lymphocystivirus 
•  Freshwater/marine fishes 
•  Localized proliferative disease 

 

 

 

Iridoviridae Tree of Life 

ATV	  
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Genus: Ranavirus 
•  Globally emerging pathogens of 

fish, amphibians, reptiles 
•  Lethal systemic disease  
•  OIE reportable in amphibians 

and fish (EHNV) 
•  Threats to industry and imperiled 

wildlife 

 
 

Iridoviridae Tree of Life 

ATV	  

ATV	  

BIV	  

Genus: Ranavirus 
•  Santee Cooper Ranavirus (SCRV, Plumb et 

al. 1996) 
•  Detected in 31 NA fishes  

•  Detected in LMB in the SCR 
•  Lethal systemic disease in LMB (LMBV) 

•  Detected in 31 NA fishes  
•  Imported freshwater and marine 

ornamental fishes (Hedrick and 
McDowell 1995, George et al. 2015)  

•  Endemic in NA and Asia 

  

Iridoviridae Tree of Life 

Genus: Ranavirus 
•  European Catfish Virus (ECV, Ahne 

et al. 1989) 
•  Brown/black bullheads & sheatfish 

•  Lethal systemic disease  
•  Endemic in Europe 
•  Reptile trade? 

•  Ornamental reptile trade, green 
iguana (Stohr et al. 2013) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Iridoviridae Tree of Life: 
Unassigned members 

ATV	  

BIV	  
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Iridoviridae Tree of Life: 
Unassigned members 

ATV	  

BIV	  

Genus: Ranavirus 
•  Epizootic Haematopoietic Necrosis 

Virus (EHNV; Langdon et al. 1986) 
•  Wild yellowfin perch and cultivated 

rainbow trout  
•  Lethal systemic disease  

•  Endemic in Australia 

•  OIE reportable! 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Iridoviridae Tree of Life: 
Unassigned members 

ATV	  

BIV	  

Genus: Ranavirus 
•  Ambystoma Tigrinum Virus (ATV, 

Jancovich et al. 1997) 
•  Tiger salamanders 

•  Lethal systemic disease  
•  Endemic in North America 
•   Disseminated through bait trade  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Iridoviridae Tree of Life 

ATV	  

BIV	  

Genus: Ranavirus 
•  Bohle Iridovirus (BIV, Speare and 

Smith 1992) 
•  Ornate burrowing frog 

•  Systemic lethal disease 
•  Endemic in Australia 
•  Boreal toad (Cheng et al. 2014) 

•  USA zoological setting  
•  Leaf-tailed gecko (Stohr et al. 2015) 

•  Private collection in Germany 
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Genus: Ranavirus 
•  Frog Virus 3 (FV3; Granoff et al. 

1965) 
•  Fish, amphibians, reptiles 
•  Lethal systemic disease  
•  Low host specificity  
•  Endemic in North & South 

America, Europe, Asia 
•  Threats to industry and imperiled 

wildlife 

 

Iridoviridae Tree of Life 

ATV	  

•  Singapore grouper iridovirus (SGIV)
      (Qin et al. 2003)
•  Grouper iridovirus (GIV)
      (Murali et al. 2002)

      

Iridoviridae Tree of Life 
Unassigned members 

ATV	  

BIV	  

•  Shortfin eel ranavirus (SERV)
      (Bang-Jensen et al. 2009)
  

       

Iridoviridae Tree of Life: 
Unassigned members 

ATV	  

BIV	  
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Iridoviridae Tree of Life: 
Unassigned members 

ATV	  

BIV	  

•  Ranavirus maxima (RMAX)
      (Ariel et al. 2010) 
•  Cod Iridovirus (CoIV)
      (Ariel et al. 2010)
  

       

Iridoviridae Tree of Life: 
Unassigned members 

ATV	  

BIV	  

CMTV	  

•  Common midwife toad virus (CMTV; 
Balseiro et al. 2009)

•   Andrias davidianus ranavirus (ADRV; 
Geng et al. 2011)

•  Testudo hermanni ranavirus (CH8/96)
(Stohr et. al.. 2015)

•  White sturgeon ranavirus (WSRV)
•  Pike-perch iridovirus (PPIV)
      (Tapiovaara et al. 1998)  

       

Genomic Organization Support 
Ranavirus Species Demarcations  

FV3	  

BIV	  

CMTV	  

ATV	  

CoIV	  

EHNV	  

ESV	  

SERV	  

1	  

2	  

3	  
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Lymphocys1virus	  

Megalocy1virus	  

Hemocy7virus	  

Chloriridovirus	  
Iridovirus	  

Ascovirus	  

EHNV	  
ESV	  
SERV	  

CoIV	   1

CMTV	   2

FV3	  

BIV	  

3

The Expanding Distribution & Host Range of 
Ranaviruses 

ATV	  

BIV	  

CMTV	  

Europe, Asia (China), North America 	  

The Expanding Distribution & Host Range of 
Ranaviruses 

ATV	  

BIV	  

Australia, North America*, Europe* 	  
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The Expanding Distribution & Host Range of 
Ranaviruses 

ATV	  

Americas, Europe, Asia	  
BIV	  

Lowest	  host	  
specificity	  of	  
any	  DNA	  

virus?	  How?	  

Ranavirus Host Range Evolution 

•  Could recombination be a driver of host range evolution and 
virulence? Virus outpaces host through recombination…

•  Two bullfrog ranavirus isolates from the same aqua/
       ranaculture facility sequenced

•  Genomic sequencing reveals 1st isolate is CMTV, 2nd  is FV3

•     Recombination analyses (RdRP4.46b) reveals 
       significant recombination between the FV3 and CMTV 
       strains!

Conclusions 
•  NGS & global collaboration facilitated sequencing of 33 iridoviruses < 1 yr 

•  ML analysis (19 iridovirus core genes) produced the most comprehensive 
Iridoviridae tree to date 

•  Phylogenomic analysis supports the creation of a novel genus for EIVs 
(Hemocytivirus)  

•  Phylogenomic analysis supports the current Ranavirus species demarcations and the 
potential creation of new species (CMTV, SGIV/GIV, CoIV/RMAX, SERV) 

•  The geographic and host ranges of certain ranaviruses appears to be broader than 
previously realized (FV3, BIV, CMTV) 

•  Preliminary phylogeographic analysis suggests that the unregulated international 
movement of live animals (bullfrogs) and their products may explain the global 
distribution of FV3 

•  Recombination among ranaviruses may be a driver of host range evolution and 
virulence! 
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Thanks for Your Attention! 
Questions?   
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A Special Thanks to the GRC! 
 

Questions?  
 


