Research Overview
Research Group: Regulation of Gene Expression and Plant Biotechnology
I. Introduction

Our group mainly focuses on

1. Regulation of plant gene expression and its application in plant biotechnology;

2. Expression and regulation of pathogenesis-related genes of plant bacterial pathogens;

3. Functional analysis of pathogenicity determinants of plant viruses and their interaction with plant host defense systems.
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II. Background, Significance and Progress

1. Regulation of plant gene expression and its application in plant biotechnology
Gene expression can be regulated at many of the steps in the pathway from DNA to RNA to protein. Transcriptional control is paramount in regulation of gene expression. In plant biotechnology, high-level transcription of transgenes is needed in most of cases, but sometimes inducible expression or expression at specific plant tissues is desired. Three plant promoters which are potentially applicable in plant biotechnology have been studied in our group. (1) The promoter of the rice HSP70 gene. This is a constitutively expressed promoter. By analysis of a series of 5'deletions, the fragment from the translation start codon to the upstream 493 bp was found to have the highest promoter activity which is higher than that of the most-used strong CaMV 35S promoter. And the 76-bp 5'-UTR is essential for the promoter activity. (2) The promoter of the rice cell wall glycine-rich protein gene. Our study revealed that it preferentially expressed in plant vascular tissues. We have further shown that a 99-bp sequence in the promoter is responsible for vascular-specific expression. This promoter could be used to develop disease-resistant plants against pathogens which are accumulated in vascular tissues. (3) The carrot invertase II gene promoter. It was known that the mRNA of carrot invertase II accumulates only in developing tap roots, implying the tap root-specificity of the gene promoter. We have conducted the 5'deletion analysis of a 2.7-kb region upstream of translation start codon and found that the fragment from -257 possesses the highest promoter activity which is 50% higher than that of the CaMV 35S promoter in carrot tap roots. Duplication of the -257 — -136 sequence increased the promoter activity by 48%. This promoter might be useful for expressing antigen proteins in carrot to develop oral vaccines. Vaccines against Rotaviruses and EPEC are currently being studied in our group.

In most of plant biotechnological applications, production of proteins in high amount is desirable. In this context, enhancement of translation efficiency or protein stability is of more direct effect on genetic manipulations. We found that fusion of a ubiquitin monomer (UBQ) to the N-terminus of GUS increased the GUS accumulation by 4-fold, and an N-terminal peptide (14 amino acids) of the Cucumber mosaic virus coat protein (NP14) was more potent as a fusion partner than UBQ, resulting a 7-fold increase in the GUS level. However, the NP14-GUS fusion protein can not be auto-cleaved within plant cells. We thus further designed an NP14-UBQ-GUS double fusion strategy to take advantage of both the higher enhancing activity of NP14 and the cleavability of the UBQ fusion protein by the plant endogenous ubiquitin C-terminal hydrolases.  
2. Expression and regulation of pathogenesis-related genes of plant bacterial pathogens

Many bacteria use quorum sensing (QS) to regulate a diverse array of biological functions including pathogenicity on their hosts. Xanthomonas campestris pv. campestris (Xcc) is the causative agent of crucifer black rot disease. Unlike in other Gram-negative bacteria, no N-acylhomoserine lactones, a group of signal molecules of QS, have been identified in Xcc so far. However, sequence analysis of the Xcc genome revealed the presence of a single copy of luxR-like gene, named xccR, followed by a proline iminopeptidase gene (pip). A 20-bp lux box-like palindromic sequence was found at 60 bp upstream of the translation start site of the PIP gene. Our study focuses on the expression regulation of the locus xccR-pip box-pip and the relatedness to the Xcc pathogenicity. By mutagenesis we found PIP is crucial for the pathogenicity. Expression of pip was positively regulated by XccR via pip box. Furthermore, we found that the pip promoter was induced by the extract from the host cabbage, and XccR and pip box are essential for the induction. We will attempt to elucidate the mechanism of how Xcc utilize host factors to help it establish infection of the host.

3. Functional analysis of pathogenicity determinants of plant viruses and their interaction with plant host defense systems.

   Our research is aiming at the functional analysis of virus-encoded proteins, especially the pathogenicity determinants, and virus-plant host interactions. One of the viruses currently studied in our group is Rice yellow stunt rhabdovirus (RYSV). In addition to N, P, M, G and L proteins which are common to other rhabdoviruses, RYSV encodes P3 which has been found in most of the plant rhabdoviruses but not in animal rhabdoviruses, and P6, the analog of which was encoded by some animal viruses but functionally unknown. We have shown that RYSV P3 is a movement protein responsible for the virus cell to cell transport. We are currently studying the function of RYSV P6. The other viral protein we are studying is the protein 2b of Cucumber mosaic virus (CMV). CMV 2b is a suppressor of the host RNA silencing system and one of the pathogenicity determinants of CMV. We attempt to (1) determine the protein motifs responsible for the suppressor activity and pathogenicity; (2) gain insights into the interactions between 2b and host factors involved in siRNA- and miRNA-mediated silencing pathways and in other plant defense systems; (3) explore a novel approach to anti-CMV infection by targeting 2b using RNA interference. 
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III. Future Research Plan
1. Manipulation and optimization of transgene expression, mainly for the purpose of using plants as bioreactors to produce oral vaccines and pharmaceutical proteins. 

2. Elucidation of expression regulation of the xccR-pip locus of Xcc, with emphases on identification of plant host factors and the Xcc genes downstream of pip in the pathogenesis pathway. 

3. Study on the mechanisms of the counter-host defense function of the silencing suppressor CMV 2b. To seek if the host equips with a counter-counter-defense mechanism targeting on the suppressor.

