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Positive (+) strand RNA viruses comprise the most numerous and diverse group of plant viral pathogens. They replicate its genome by synthesizing replicative intermediates of complementary polarity (−) that serve as a template for the production of viral genomic RNAs. Two opposed theoretical models that explain replication of an RNA virus are geometric amplification, where both + and – RNA strands serve as a template for the symmetric synthesis of complementary strands with the same efficiency, and stamping machine, where the – polarity strands are preferably used in a reiterative way as a template for the synthesis of multiple copies of the genomic + RNA. The geometric amplification allows a more rapid expansion of the virus than the stamping machine mechanism but with the drawback of a higher frequency of genetic mutations in the viral progeny. To distinguish between the two models of genomic amplification in case of a typical plant RNA virus, we quantified the accumulation of + and – of strands of Turnip mosaic virus (TuMV; genus Potyvirus, family Potyviridae) during a cycle of intracellular infection in Nicotiana benthamiana protoplasts. The analysis of the accumulation dynamics of both strands allowed determining that TuMV uses a mixed replication strategy in which geometric amplification contributes by 7% and stamping machine by 93%. Most likely, this combination has evolved to maintaining certain speed in the replication of the virus modulate the mutation frequency in its progeny.

A promising strategy has been recently developed to generate virus resistant plants, based on the expression of artificial microRNAs (amiRNAs) directed against specific viral sequences. However, viral populations adapt to the presence of amiRNAs by mutations in the target sequences, managing to break the resistance. Transgenic Arabidopsis thaliana plants (transgenic line 12-4) efficiently expressing an amiRNA (amiR159-HC-Pro) targeting a sequence in the cistron coding for TuMV HC-Pro are resistant to infection by a particular clone of this virus. However, the transgenic line 10-4, which expresses sub-inhibitory amounts of the amiRNA, is only partially resistant. To understand how plant viruses break the resistance imposed by the amiRNAs, viral populations evolved in wild type A. thaliana plants as well as in the partially resistant 10-4 plants, which are finally able of breaking the resistance in the highly resistant 12-4 line, have been characterized by ultra-deep sequencing of the amiR159-HC-Pro target region. Thus, it has been determined that the viral population evolved in wild type plants containes mutant alleles potentially able to break the resistance from the first evolutionary passage, although at very low frequencies. Also, the viral population containes haplotypes with mutations in all positions of the amiRNA 21 nucleotide target. Finally, along the serial evolutionary passages from plant to plant, no increase in the frequency of the mutant alleles occurs. Apparently, the viral population is at equilibrium between mutation and genetic drift. The resistance breaking process in the 12-4 plants seems the result from a random selection of one or more mutant haplotypes not recognized by the amiRNA, among many alleles present in the viral population. However, when the viral population evolves through serial passages in plants of line 10-4, the frequency of alleles potentially able of breaking the resistance induced by the amiR159-HC-Pro is much higher, which explains that resistance breakdown occurs more quickly. In this case, the viral population is in equilibrium between mutation, genetic drift and selection.

Mixed infections in which two or more viruses belonging to different species co-infect the same host plant are very common in nature. Furthermore, these infections usually produce synergistic effects between viruses, so the question arises whether mixed infections could facilitate breaking the resistance mediated by the amiRNA. To answer this question, TuMV was co-inoculated in A. thaliana resistant plants from line 12-4 with a series of viruses belonging to different taxonomic groups. Plants were also pre-infected with the different viruses and, next, inoculated with TuMV. The analysis of the inoculated plants showed that mixed infections can be another cause of breaking the resistance mediated by amiRNAs, although this effect depends on the companion virus. Tobacco rattle virus, Cauliflower mosaic virus and, notably, Cucumber mosaic virus help TuMV to overcome the resistance imposed by the amiRNA, but only when they are infecting the plant that is inoculated with TuMV.

