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1. Project execution

1.1. Project objectives

The aim of the project was a detailed understanding of the genes and proteins involved in several key stages of plastid transformation and foreign gene expression in different plastid types in tobacco, tomato and potato.  This information should result in higher plastid transformation frequencies, regulated expression of transgenes in different plastid types and improved stability of plastid-located proteins.  

WP1  Transgene integration and marker excision

Workpackage 1 aimed to understand the mechanisms by which transgenes are integrated into the plastid genome and by which selectable marker genes can be excised. Workpackage 1 also aims to understand how the introduced transgene spreads throughout all the plastid genomes in the transformed plant to achieve a homoplasmic state.

WP2  Regulated plastid gene expression 

Workpackage 2 aimed to identify the transcription systems and regulatory sequences involved in high-level plastid gene expression in chloroplasts, chromoplasts and amyloplasts.  It also aimed to determine whether plastid transcription and translation components are limiting factors for gene expression in non-green plastids.  Comparative plastid transcriptomics and proteomics approaches have been used in tobacco, tomato and potato to help define the most appropriate control elements for expression in non-green plastids, and identify possible limiting factors for high-level expression in tomato fruits and potato tubers.

WP3 Protein degradation in different plastid types

Workpackage 3 aimed to identify the proteolysis systems in plastids that may limit the expression of transgenes in plastids.  It also aimed to develop cleavable protein-fusion systems that may protect foreign proteins from proteolysis and simplify protein purification.

1.2. Contractors 


1:  
University of Cambridge, UK
          Team leader:  Professor John C. Gray


2:  
Hebrew University of Jerusalem, Israel 
          Team leader:  Dr Zach Adam


3:  
Max Planck Institute for Molecular Plant Physiology   Team leader:  Dr Ralph Bock


4:  
International Institute of Molecular and Cell Biology in Warsaw, Poland 

                                                                                             Team leader:  Dr Janusz Bujnicki


5:  
Institute of Plant Genetics, IGV-CNR, Portici, Italy   Team leader:  Dr Teodoro Cardi


6:  
University of Manchester, UK 
                     Team leader:
Dr Anil Day


7:  
National University of Ireland, Maynooth, Ireland   Team leader:  Professor Philip Dix


8:  
Trinity College Dublin, Ireland 
       Team leader:
Professor Tony Kavanagh


9:  
Icon Genetics AG, Freising, Germany 
                 Team leader:   Dr Stefan Herz 


10:  
Université Joseph Fourier Grenoble 1, France      Team leader: Dr Silva Lerbs-Mache

1.3. Co-ordinator contact details

Professor John C Gray

Department of Plant Sciences, University of Cambridge, 

Downing Street, Cambridge CB2 3EA, UK.

Tel: +44 1223 333925; Fax: +44 1223 333953; E-mail: jcg2@mole.bio.cam.ac.uk

1.4. Work performed and results achieved

Good progress was made in all areas of the project, and all milestones and deliverables of the project have been achieved. The major achievements are:

WP1  Transgene integration and marker excision

· Genes encoding putative components of the plastid recombination system in higher plants have been identified by database searches (WP1.1, partners 6 and 4).

· cDNAs encoding putative plastid recombination proteins, RecA and GyrB, have been isolated and introduced into the tobacco nuclear genome to alter the amounts of the proteins by RNA interference and over-expression. Over-expression of RecA results in increased homology-dependent excision of a marker gene, suggesting stimulation of homologous recombination rates in chloroplasts. Down-regulation of RecA results in seedlings unable to grow on media containing the alkylating agent N-nitroso-N-ethylurea, suggesting that RecA is also required for DNA repair in chloroplasts. (WP1.1 and 1.2, partner 6).

· Plastid transformation vectors with different amounts of flanking plastid DNA, and with foreign genes of different length, orientation and control sequences, have been produced and have been introduced into the tobacco plastid genome. Plastid transformation rates were shown to be dependent on the length of plastid DNA flanking the transgene; 30 bp was shown to be insufficient, whereas there was little difference in transformation rates with 600 or 2200 bp flanking DNA. The orientation of the foreign gene and expression level did not affect plastid transformation rates. The length of a non-selected transgene was shown to influence the attainment of the homoplasmic state (WP1.3, partner 7).

· Proof-of-concept for a novel system of automatic marker excision was confirmed using plastid transformation vectors with the selectable marker gene outside the homologous flanking plastid regions. The system was effective with vectors targeted to different regions of the plastid genome and with a commercial tobacco cultivar (WP1.4, partner 9, figure 1).

· GFP fusion-proteins with the lac repressor protein LacI have been shown to bind to lacO sequences inserted in the tobacco plastid genome, using an immunoprecipitation method coupled to PCR amplification of specific plastid DNA fragments, and are co-localised with plastid nucleoids in transgenic tobacco. This provides plant material for non-invasive imaging of plastid nucleoids throughout the plant (WP1.5, partner 1, figure 2).

WP2  Regulated plastid gene expression

· The complete nucleotide sequences of the plastid genomes of tomato (Solanum lycopersicon, 155,460 bp) and potato (Solanum tuberosum ssp tuberosum; 155,298 bp) have been determined. The sequences have been fully annotated and submitted to the EMBL and Genbank databases (as accessions AM087200 and DQ386163) (WP2.1, partners 3, 5 and 1, Figures 3 and 4).

· DNA microarrays have been used to examine transcripts and polysome-associated transcripts of all plastid genes and open reading frames in tomato chromoplasts and in potato amyloplasts. Low-level gene expression sustained in chromoplasts and amyloplasts is required for expression of accD, the only plastid-encoded protein involved in fatty acid biosynthesis (WP2.2, partner 3, 5 and 1).

· The roles of the two NEP proteins, RpoX and RpoZ, have been examined in T-DNA knockout mutants. RpoZ is the principal NEP enzyme recognising consensus-type NEP promoters, whereas the principal function of RpoX is the transcription of the rrn operon from the PC promoter. Both proteins have been shown to be membrane-associated in chloroplasts, using specific anti-peptide antibodies. Two NEP-interacting proteins (NIPs) have been identified in the yeast two-hybrid system, and shown to be integral membrane proteins involved in tethering NEPs to the thylakoid membrane (WP2.3, partner 10).

· DNA microarrays and western blotting have shown that T7 RNA polymerase-mediated hyper-transcription of plastid transgenes in tobacco seedlings disrupts plastid gene expression and the expression of nuclear genes encoding plastid translation and photosynthesis components (WP2.4, partners 8 and 1).

· The over-expression of EF-Tu in tobacco resulted in seedlings that were transiently pale-green and showed increased amounts of plastid tRNAs. However, up-regulation of EF-Tu was not sufficient to increase plastid translation of GFP transcripts in leaf or root tissue (WP2.4, partner 8).

· The 5' UTR from the yersiniophage YeO3-12 mediated very high-level expression in plastids, whereas alterations to the T7 gene 10 5' UTR failed to increase translation of the GUS reporter in tobacco plastids. The addition of a downstream box encoding a N-terminal 5-amino-acid fusion tag resulted in a two-fold increase in expression of the GUS reporter (WP2.5, partner 9).

WP3 Protein degradation in different plastid types

· Genes and cDNAs encoding components of plastid proteolysis systems in tobacco, tomato and potato have been identified by database searches (WP3.1, partners 2 and 4, deliverable D18).

· Transgenic tobacco plants with increased amounts of ClpC have been shown to contain increased amounts of ClpP1 and ClpP6 components of the core proteolytic complex of the Clp protease. Crosses to transplastomic plants expressing rotavirus VP6, HIV p24 or HPV PL66 have been produced to examine the effects of ClpC over-expression on viral protein stability (WP3.2, partners 2, 1 and 5).

· Co-transformation with modular vectors for the production of a GUS-factor Xa cleavage site-interferon 2b fusion protein has produced transplastomic tobacco plants containing the fusion protein at 10-15% total soluble protein (WP3.3, partner 9).

1.5. Achievements and impact

The project has been successful in achieving most of the proposed objectives. It has developed an understanding of the proteins involved in transgene integration into and excision from the plastid genome, and has developed a novel automatic marker excision system (WP 1). It has identified the most highly expressed genes in chromoplasts and amyloplasts, and the role of the two nuclear-encoded RNA polymerases in the transcription of different genes. It has developed control elements that increase the expression of foreign genes in tobacco chloroplasts (WP 2). It has developed our understanding of plastid proteolysis components and produced a cleavable protein-fusion system that is able to produce large amounts of interferon 2b in tobacco chloroplasts. 

2. Dissemination and use

The PLASTOMICS consortium has made a major contribution to our understanding of the processes underlying the insertion, and removal, of foreign genes into the plastid genome of tobacco, potato and tomato. The size and expertise of the consortium is greater than any other grouping throughout the world, and places the EU in pole position for advances in plastid transformation in the future. Commercially important results have been obtained, and Icon Genetics GmbH has applied for a European patent (patent application 07012281.7) for a translation control element developed from their work in WP2.5. The translation control element is independent of existing patents that restrict the use of 5’-regulatory elements of plant chloroplast origin or from the phage T7 gene 10. It provides therefore an efficient and valuable alternative to these patented regulatory elements. In WP1.4, Icon Genetics also obtained proof-of-concept for a novel method of marker gene excision that had been the subject of a previous European patent application.

WP1.2 has identified RecA as a key player in the isolation of marker-free plants and stimulating recombination in plastids. This fundamental knowledge provides the basis for new methods to promote transgene integration and marker excision by manipulating the homologous recombination pathway in plastids. 

WP2.1 determined the complete nucleotide sequences of the tomato and potato plastid genomes. These sequences provide the basis for the design of improved species-specifci vectors for transgene integration and expression in the tomato and potato plastd genomes.

WP2.2 provided information on the regulation of gene expression in potato tuber amyloplasts and tomato fruit chromoplasts and provides the basis for developing improved vectors for transgene expression in non-green plastids. Expression of foreign genes in potato tubers and tomato fruit is of considerable interests for the production of pharmaceutical proteins in plants.
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Figure 1. Transplastomic tobacco leaf expressing the GUS reporter gene. Part of the novel marker excision system being developed by partner 9.
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Figure 3. Map of tomato plastid DNA showing the location of all genes and open reading frames. Map from partner 3.
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Figure 2. Confocal image of tobacco leaf guard cells expressing plastid-targeted GFP-LacI. The GFP is co-localised with plastid nucleoids, suggesting that GFP-LacI is associated with plastid DNA. Image from partner 1.


Figure 4. Map of potato plastid DNA showing thelocation of all genes and open reading frames. Figure from partner 5.

http://genesilico.pl/plastomics
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