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II. Background, Significance and Progress

RNA silencing functions as a part of an immune response against invading viruses in animals and plants, in an apparent response, viruses have evolved a wide range of mechanism to overcome RNA-silencing, which is suppression of RNA silencing. This provides yet another example of the continuing evolutionary arms race between hosts and parasites. Our aims are to understand the mechanisms and roles of RNA silencing in plants to pursue concerned interactions between viruses and their host plants.

1. Systemic RNA silencing and its antiviral defense in plants 
RNA silencing represents a novel cellular pathway conserved in a diverse group of organisms, as PTGS in plants, quelling in fungi, and RNA interference (RNAi) in animals. Remarkably, RNA silencing initiated locally in plants produces a mobile silencing signal that is able to instruct specific homologous RNA degradation at a distance. In plants, this system of RNA regulation controls virus accumulation, and functions as antiviral defense. As counter-defense, many viruses evolve proteins that can function as suppressors of RNA silencing. The fact that many viral silencing suppressors are typically required for long-distance virus spread in the infected plant and the mobile silencing signal trafficking resembles the viral movement suggest that the signal is a crucial component of the antiviral defense system. 
So far, genetic screens and biochemical analysis have identified several genes that are required for PTGS in plants. However, no mutations specific to systemic silencing have yet been reported in plant system. One of our main aims is to screen and identify cellular components that required for systemic RNA silencing to gain insights into the mechanisms and roles of RNA silencing and implement of RNA silencing for dissection of virus resistance in plants.
2. microRNA and its potential roles in pathogenesis 

In parallel to work on viruses, research on RNA silencing led to the discovery that nearly all eukaryotes express non-coding RNAs that are similar in size to siRNAs (small interference RNAs - a unifying feature of RNA silencing), miRNAs (micro RNAs). The siRNA pathway is antiviral whereas an emerging role for miRNAs is in the control of development. Plant and animal miRNAs modulate the expression of mRNAs that control cell differentiation, development and probably many other cellular functions in a sequence-specific manner, via guiding either cleavage or translational arrest of targets mRNAs. It is becoming clear that viruses not only use elaborate strategies to suppress the effects of defensive RNA silencing, but also redirect or interfere with cellular functions that are mediated by miRNAs. These new aspects of host–virus interactions have strong evolutionary implications, both in terms of the continuing molecular arms race between hosts and pathogens, and in terms of the extent to which defense and gene regulation by RNA silencing might have influenced each other. Some suppressor-expressing plants exhibited disease-like symptoms in the absence of viral infection suggests a novel mechanism for viral suppressor by interference with the miRNA-guided regulation of host gene expression. Our aim is to study the interference by pathogen with miRNAs-mediated regulation of targets mRNAs, which have potential roles in defensive or development in plants.

Ongoing projects

1. Screening cellular components required for systemic RNA silencing

We had developed an inducible RNAi system in plant for conditional induction of RNA silencing in transgenic Arabidopsis thaliana in our previous work. The advantage of this system is that DNA recombination would occur upon induction and transgenic plants with genetic chimera would be obtained. RNA silencing resulting from local RNAi induction or signal-mediated long-distance induction can be predicted by simple PCR analysis. This allows us to create the signal-mediated silencing-deficient mutant by mutagenesis using ethyl mthanesulfonate (EMS). The transgene we select is endogenous Phytonene Desaturase, PDS. PDS silencing results in photobleaching phenotype, this facilitates us to monitor silencing process visually. Screening mutations that can be induced local silencing but impeded specifically systemic signal-mediated silencing is undergoing.  

2. Identification of pathogen-modulated miRMAs

To study the potential roles of miRNAs in pathogenesis, identification of plant miRNAs which are modulated by pathogen is being carried out. Small RNAs extracted from plants with or without virus infection are being cloned and sequenced, sequences match characteristic of miRNAs are under analyzing. Both in model plant, Arabidopsis and in valuable economic crop, Brassica, are selected.  
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III. Future works

Our main interests are in understanding the interaction between virus and host by dissecting the defensive roles of RNA-silencing and regulatory miRNAs pathway. 

1. Systemic RNA silencing and its antiviral defense in plants

Via EMS mutagenesis and screening of the PDSi line, we have obtained several candidates that can be induced local silencing but impeded specifically systemic signal-mediated silencing. Identification of mutants by crossing the mutants with a wild-type plant or with the parent PDSi line, mapping and genetic analysis the isolated genes will carry out. Viral suppressors that inhibit the long range signal activity of the RNA silencing signal, e.g. Cmv-2b, will also be used as a probe for screening cellular components that are affected by the suppressor. The specific objective is via analysis of suppressor-based molecular interaction between virus and the host cell protein for designing new antiviral strategies in plants.
2. microRNA and its potential roles in pathogenesis

It was expected that viral suppressors would interfere with processes that are mediated by endogenous miRNAs. We will identify miRNAs that are induced during viral infection using the miRNAs derived from plants infected with viruses, and determine the molecular function of the miRNAs target mRNAs. The mechanism of target mRNAs, which have potential roles in defensive in plants, regulated by miRNAs will be analyzed based on our transient expression system. Deeper understanding of the miRNAs-mediated regulation pathway being interfered by virus might lead to develop new tools for biotechnology in viral resistance application. 

