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by a second virus. A typical example of antagonis-
tic interaction is cross-protection, the phenomenon 
used to protect cultivated plants against infection by 
virulent strains of viruses. According to the current-
ly prevailing hypothesis, behind this phenomenon is 
the mechanism of viral RNA silencing. In response 
to infection, a signal is induced in the plant which 
initiates PTGS to degrade RNA of  a homologous vi-
rus. Cross-protection can be manifested in the host 
tissue by the occurrence of spatial separation be-
tween the viral subpopulations. In its spectacular 
form  this phenomenon occurs when two or more 
homologous viruses invade the plant simultaneously. 
Then their subpopulations separate from each other, 
thus colonizing different cells in the host tissue. Vi-
rologists believe that good knowledge of within-host 
interactions between viruses will contribute to a 
better understanding of viral evolution and patho-
genesis.  

Mixed infections occur when two or more vi-
ruses or strains of the same species invade the host 
at different times (super-infection) or simultaneously 
(co-infection). Interactions between plant viruses in 
mixed infections are generally categorized as syn-
ergistic or antagonistic. Synergism refers to a situa-
tion in which the presence and activity of one virus 
stimulates the replication dynamics of the second 
virus. The phenomenon occurs when the virus pre-
sent in the host plant suppresses, by a specific viral 
protein, post-transcriptional gene silencing (PTGS), 
i. e. a natural plant defense response, and may target 
another virus entering the plant cells. The increase 
in virus accumulation is usually associated with an 
enhanced severity of disease symptoms exhibited 
by the plant, as compared with those shown by sin-
gly infected plants. Severe response to the multiple 
infection may lead to the premature death of the 
plant. Unlike synergism, antagonistic interactions 
rely on the inhibition of life functions of one virus 

MIXED VIRAL INFECTIONS IN PLANTS: CO-OPERATION OR TERRITORIAL RIVALRY BETWEEN 
VIRUSES?

Summary

LITERATURA

Balmer O., StearnS S. C., SChötzau a., Brun r., 
2009. Intraspecifc competition between co-infect-
ing parasite strains enhances host survival in 
African trypanosomes. Ecology 90, 3367–3378.

Calendar r., 1986. Viral transactivation. Bio/Tech-
nology 4, 1074–1077. 

ChakraBOrty S., Vanitharani r., ChattOpadhyay 
B., Fauquet C. m., 2008. Supervirulent pseu-
dorecombination and asymmetric synergism 
between genomic components of two distinct 
species of begomovirus associated with severe 
tomato leaf curl disease in India. J. Gen. Virol. 
89, 818–828.

Chen y., zhaO y., hammOnd J., hSu h., eVanS J., 
FeldlauFer m., 2004. Multiple virus infections in 
the honey bee and genome divergence of honey 
bee viruses. J. Invert. Pathol. 87, 84–93. 

CSOrBa t., pantaleO V., Burgyán J., 2009. RNA si-
lencing, an antiviral mechanism. Adv. Virus 
Res. 75, 35–71.

dapalma t., dOOnan B.p., trager n. m., kaSman l. 
m., 2010. A systematic approach to virus–virus 
interactions. Virus Res. 149, 1–9.

dietriCh C., maiSS e., 2003. Fluorescent labelling 
reveals spatial separation of potyvirus popula-
tions in mixed infected Nicotiana benthamiana 
plants. J. Gen. Virol. 84, 2871–2876.

elena S. F., BedhOmme S., CarraSCO p., CueVaS J. m., 
de la igleSia F., laFFOrgue g., lalić J., pròSper 
À., trOmaS n., zwart m. p., 2011. The evolu-
tionary genetics of emerging plant RNA viruses. 
Mol. Plant-Microbe Interact. 24, 287–293.

FOlimOnOVa S. y., rOBertSOn C. J., ShiltS t., FOli-
mOnOV a. S., hilF m. e., garnSey S. m., dawSOn 
w. O., 2010. Infection with strains of Citrus 
tristeza virus does not exclude superinfection 
by other strains of the virus. J. Virol. 84, 1314–
1325. 

Fukuzawa n., itChOda n., iShihara t., gOtO k., ma-
Suta C., matSumura t., 2010. HC-Pro, a potyvi-
rus RNA silencing suppressor, cancels cycling of 

Cucumber mosaic virus in Nicotiana benthami-
ana plants. Virus Genes 40, 440–446.

gal-On a., ShiBOleth y. m., 2006. Cross protection. 
[W:] Natural Resistance Mechanisms of Plants 
to Viruses.  Loebenstein G., Carr J. P. (reds). 
Springer, Dordrecht, 261–288.

garCía-arenal F., Fraile a., malpiCa J. m., 2003. 
Variation and evolution of plant virus popula-
tions. Int. Microbiol. 6, 225–232.

ghedin e., FitCh a., BOyne a., grieSemer S., depaSSe 
J., Bera J., zhang X., halpin r. a., Smit m., Jen-
ningS l., St. geOrge k., hOlmeS e. C., SpirO d. 
J., 2009. Mixed infection and the genesis of in-
fluenza virus diversity. J. Virol. 83, 8832–8841.

gil-SalaS F. m., peterS J., BOOnham n., CuadradO i. 
m., JanSSen d., 2012. Co-infection with Cucum-
ber vein yellowing virus and Cucurbit yellow 
stunting disorder virus leading to synergism in 
cucumber. Plant Pathol. 61, 468–478.

giner a., lakatOS l., garCía-Chapa m., lópez-mOya 
J. J., Burgyán J., 2010. Viral protein inhibits 
RISC activity by Argonaute binding through 
conserved  WG/GW motifs. PLoS Pathogens 6, 
e1000996.

gOnzález-Jara p., Fraile a., CantO t., garCía-arenal 
F., 2009. The multiplicity of infection of a plant 
virus varies during colonization of its eukary-
otic host. J. Virol. 83, 7487–7494.

griFFithS e. C., pederSen a. B., FentOn a., petChey 
O. l., 2011. The nature and consequences of 
coinfection in humans. J. Infect. 63, 200–206.

hugheS J., allen r. C., Baguelin m., hampSOn k., 
Baillie g. J., eltOn d., newtOn J. r., kellam p., 
wOOd J. l. n., hOlmeS e. C., murCia p. r., 2012. 
Transmission of equine influenza virus during 
an outbreak is characterized by frequent mixed 
infections and loose transmission bottlenecks. 
PLoS Pathog. 8: e1003081. doi: 10.1371/journal.
ppat.1003081.

hull r., 2002. Matthews’ plant virology. 4th edn 
San Diego, Academic Press.


