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Mutualistic Viruses  
with Different  

Species 



Introduction 





Virus and  
Reproduction 



Polydnaviruses  
 dsDNA virus 
 Over thousands types 
 

 
 

Endoparasitoid wasps  
 Insect 
 Over 30,000 types 
 

 
 

Campoletis sonorensis virus (CsV)  
for C. sonorensis wasps 

Cotesia congregata bracovirus (CsBV) 
for C. congregata wasps 



Host Innate  
Immune Response  
 Encapsulation 
 Melanization 

 
 
 

Parasitoid larvae  
growth stopped 

 
 
 

Melanin 

(Fweditor, 2008) 



Wasps Calyx 

 Viral structural genes 
 Viral virulence genes 

 
 
 





Virus and  
Development 



Endogenous Retrovirus (ERV) 
 About 8% of human genome 
 Germline-integrated 
 Human and mammalian placenta 
 

 
 Retroviral envelope env proteins  

 Placental syncytium formation 
 Localized maternal immunosuppression 
 Initial trophoblastic attachment +  
    invasion  
 Overall placental survival 

 
 

(Rowland T., 2009)  

(Evidence for Evolutionary Model, 2012) 





Modified from (Hindawi, 2011) 



Virus and  
Tolerance 



Thermotolerance  
 Dichanthelium lanuginosum 
 Geothermal soils 
 Three-way mutualistic symbiosis:                                                    

Grass Dichanthelium lanuginosum +                                         
Fungus Curvularia protuberata +                                                
Virus Curvularia protuberata thermal tolerance virus (CThTV) 

Dichanthelium lanuginosum 





Trehalose 
 Sugar related to drought 

and heat tolerance 
 

 
 

Melanin 
 Pigment associated with 

fungi abiotic-stress 
tolerance 
 
 



Freezing and Drought Tolerance 
 Nicotiana benthamiana  
 Tobacco mosaic virus (TMV)    
    Cucumber mosaic virus (CMV) 
    Brome mosaic virus (BMV)      
    Tobacco rattle virus (TRV)  
 Resistance for water-withdrawn  
    and freezing condition 
 



Salicyclic Acid 
 
 

Proline 
 

 
 

Tocopherol 
 
 

Ascorbic Acid 
 

 
 

Maltose 
 

 
 

Galactose 



Virus and  
Virulence 



Vibrio cholerae 
 Gram-negative, facultative 

anaerobic bacterium  
 Cholera-causing agent 



Vibrio cholerae 
 Gram-negative, facultative 

anaerobic bacterium  
 Cholera-causing agent 

CTXφ 
 Filamentous bacteriophage 
 Origin of cholera toxin gene 
 6.9 kb viral genome 

(Boucher Y., et al, 2014) 



Hepatitis D Virus (HDV) 
 Defective virus 
 1.7 kb RNA genome 

 

Hepatitis B Virus (HBV) 
 Helper virus 
 3 kb DNA genome 

HDV Coinfection - occurs simultaneously when first infected with the hepatitis B virus 
HDV Superinfection - occurs in persons with an existing chronic hepatitis B infection 



Hepatitis D Virus (HDV) 
 Defective virus 
 1.7 kb RNA genome 

 

Hepatitis B Virus (HBV) 
 Helper virus 
 3 kb DNA genome 

Small delta antigen (SDAg) - used for HDV replication  
Large delta antigen (LDAg) - required for HDV RNA packaging and new HDV virion  
                                                  assembly with the association of HBV surface antigens  
                                                  (HBsAgs) and envelope proteins. 



HDV – HBV Infection 
 Exaggerated disease state  
 About 350 million HBV carriers worldwide  
 More than 15-20 million coinfected by HDV 
 More severe acute viral hepatitis 
 Higher liver failure chances 
 Rapider liver cirrhosis progression 
 Liver cancer 

(CDC, 2014) 



Virus and  
Disease Prevention 



Plants with Pararetrovirus 
 Tobacco, rice, banana and potato  
 Against viral infections 

 

Post-transcriptional  
gene silencing 

RNA-mediated epigenetic modifications  
(RNA-directed DNA or histone methylation) 



Humans with Adeno-associated Virus (AAV) 
 Parvoviridae family 
 Not known to cause  
    any human diseases 
 4.7 kb ssDNA genome 



AAV Rep78 Protein vs HBV 
 Inhibition of promoter activities of proto-oncogenes 
    (such as ras and c-myc) 
 Interference with the transcription and expression of  
    Hepatitis B virus core promoters 



AAV Rep78 Protein vs HBV 
 Inhibition of promoter activities of proto-oncogenes 
    (such as ras and c-myc) 
 Interference with the transcription and expression of  
    Hepatitis B virus core promoters 



AAV Rep78 Protein vs HPV 
 AAV infection negatively correlated with  
    HPV-associated cervical carcinoma 
 Apoptosis of HPV-infected keratinocytes 
 Inhibition of transcription initiation of  
    HPV-16 and HPV-18 LCR 



AAV Rep78 Protein vs HPV 
 AAV infection negatively correlated with  
    HPV-associated cervical carcinoma 
 Apoptosis of HPV-infected keratinocytes 
 Inhibition of transcription initiation of  
    HPV-16 and HPV-18 LCR 



Conclusion 



 Extraordinary diversity in replication strategies  
 Mutualism with their hosts 

Successful reproduction of parasitoid wasp larvae 

Establishment of placental mammals 

Enhancement of tolerance to adverse conditions 

Greater virulence for invasion 

Protection of hosts from other infections 

Reproduction 

Development 

Tolerance 

Virulence 

Disease 
Prevention 
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