Abstract

Viruses cause considerable economical losses in diverse agricultural crops worldwide every year. Disease control is difficult because of the complex and dynamic epidemiology of viruses (with frequent emergence cases and outbreaks), as well as the great ability of viruses to evolve and overcome disease control strategies, such as breeding resistant cultivars. Development of tools for rapid, sensitive and specific detection and identification of viruses is pivotal to monitor crop health status and for disease management programs. These tools should be of rapid design to keep pace with the continuous appearance of new viruses or virus variants, and flexible to adjust the level of specificity to different taxonomic categories, i.e. family, genus, species, strain or group of isolates. For this purpose, the molecular techniques based on polymerase chain reaction (PCR) and molecular hybridization are well suited. The main advantage of PCR is a very high sensitivity whereas molecular hybridization is more appropriate for large scale analysis. Design of both PCR and hybridization require information on: nucleotide sequences, genetic variability among viral isolates to avoid or minimize false negatives, and genetic relationships with other viruses to avoid or minimize false positives.

This doctoral thesis addressed two challenges related to development of molecular techniques for detection of riboviruses (those with RNA genomes) affecting horticultural crops. The first challenge was on detection of the genus Fabavirus, which is composed of five viral species: Broad bean wilt virus 1 (BBWV-1), BBWV-2, Gentian mosaic virus (GeMV), Cucurbit mild mosaic virus (CuMMV) and Lamium mild mosaic virus (LMMV). First, the complete genome of the only available LMMV isolate was sequenced since it was the only member in the genus with no sequence recorded. Comparison with other fabaviruses confirmed that LMMV is a species and delimited the nucleotide and amino acidic identities between genera, species and viral isolates. Also, a motif of ten nucleotide was found to be repeated in the 5’ untranslated regions (5’-UTR) of both genomic RNAs of all fabaviruses and was considered as hallmark for the genus Fabavirus which can be used to assign new viruses to this genus. Second, this information was used to design a procedure based on reverse transcription (RT) and PCR with a primer pair conserved for all members of the genus Fabavirus and a multiplex RT-PCR procedure with five primer pairs specific for BBWV-1, BBWV-2, GeMV, CuMMV and LMMV. This procedure can be used to detect simultaneously the five known species of the genus Fabavirus and to discover new species within this genus. Third, another procedure was designed based on flow-through hybridization enabling a very rapid analysis of many samples to detect all members of the genus Fabavirus with a general probe containing the 10-nt motif and the five known species of this genus with specific probes. This is the first probe conserved for a viral genus and enables discovery of new species of the genus Fabavirus. To evaluate specificity, both RT-PCR and hybridization were assayed with genetically divergent isolates of BBWV-1 and BBWV-2 (nucleotide identity ~ 80.0 %) which gave no false negatives. Also in silico and in vitro analyses showed no false positives with other related viruses from the genera Comovirus and Nepovirus which, together the genus Fabavirus, are part of the subfamily Comovirinae. 

The other challenge was the detection and identification of the most important riboviruses in tomato crops from the Mediterranean Basin and other subtropical areas: Cucumber mosaic virus (CMV), Tomato spotted wilt virus (TSWV), Tomato mosaic virus (ToMV), Tomato chlorosis virus (ToCV), Tomato infectious chlorosis virus (TICV), Pepino mosaic virus (PepMV), and Tomato torrado virus (ToTV). First, the genetic variability and evolution of the world population of ToMV was studied since this was the only of these viruses with no study on this topic. ToMV isolates were classified in three divergent groups (nucleotide identity lower than 90% between groups). One of these groups was composed of genetically similar isolates (identity greater than 98%) which were spread worldwide. This genetic stability makes easier to design detection and disease control procedures, but caution should be taken on the risk of dispersion of divergent ToMV isolates. The information on genetic variability of the seven viruses enabled the development of two multiplex RT-PCR procedures for simultaneous and specific detection of these seven viruses. They were used for a survey in tomato crops in Sicily and revealed that virus prevalence varied according to viruses and geographic areas, as well as that mix infections with several of these viruses are frequent.

The molecular methods for simultaneous detection of multiple viruses developed here enable routine surveys in large areas providing information on virus epidemiology and are valuable tools for integrated disease management based on profilactic measures to avoid virus dispersion and use resistant cultivars. The development and implementation of this methodology constitute an added-value to improve quality-management for farmers, seed companies, governmental agencies and international trade regulations, which can contribute to avoid risk and reduce the colossal economical losses (estimated in tens of millions of euros every year) caused by viruses in world agriculture.

