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Asymmetrical probability of over-infection as a key process of viral emergence: a case study with Watermelon mosaic virus.

Frédéric FABRE 1 , Amandine LÊ VAN 1 , Caroline COSTA 1 , Catherine WIPF-SCHEIBEL Severe symptoms caused by WMV in zucchini squash leaves and fruits have been observed since 1999 in South-eastern (SE) France. Their appearance correlates with the introduction of new, "emerging" (EM) isolates distant at the molecular level from the "classic" (CL) isolates present for more than 30 years. A survey performed between 2004 and 2007 at the regional scale showed that EM isolates did not spread over long distances, but rapidly displaced the pre-existing CL isolates in all sites where both groups occurred [START_REF] Desbiez | Emergence of new strains of Watermelon mosaic virus in South-eastern France: Evidence for limited spread but rapid local population shift[END_REF]. In addition to the data provided by the regional survey of WMV population, a field scale study of WMV epidemiology was performed from 2002 to 2004 in an experimental plot located in South-Eastern France. These data, acquired in natural conditions, provided detailed spatio-temporal maps of the respective dynamics of CL and EM strains of WMV.

In this work, we question these data using models specifically built to learn on the processes involved at field scale in the shift between CL and EM strain but hidden to direct observations. A stochastic model describing the temporal dynamics of CL and EM strains at the field scale is described. It allows jointly estimating (i) the probabilities of primary infection and secondary spread events for both CL and EM strains and (ii) the probabilities of over-infecting with a CL [resp. EM] strain a plant already infected with an EM [resp. CL] strain. Statistical inferences were performed via Bayesian Monte Carlo Markov Chain methods.

Results especially indicate that it is more than 3 times harder for a CL strain to over-infect an EM infected plant than for an EM strain to over-infect a CL infected plant. These asymmetrical probabilities of over-infection reveal a possible factor involved in the "paradox of invasion" that is, for example, why an emerging viral species can displace a native viral specie that should a priori be better locally adapted to the local conditions [START_REF] Sax | The paradox of invasion[END_REF]. In order to discuss this result, and to question specifically to which extent asymmetrical probabilities of over-infection observed at field scale can explain the shift between CL and EM strain observed regional scale, a second exploratory model describing WMV epidemiology over several years in a landscape composed of a reservoir and a cultivated compartment will be introduced. In most simulations, after introducing at initial time a single plant infected with an EM strain, both strains lead to coexist in the landscape, reaching an equilibrium that depends on the ratio between the probabilities of over-infection.

  Watermelon mosaic virus (WMV, genus Potyvirus, family Potyviridae) is widespread in cucurbit crops, mostly in temperate and Mediterranean climatic regions of the world. The virus has a wide host range and, like other potyviruses, it is non-persistently transmitted by several aphid species.
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