Nemagenetag Final Report

NemaGENETAG







[image: image1.png]



Project no.: PL 503334
Project acronym: NemaGENETAG
Project title: Nematode Gene-Tagging Tools and Resources
Instrument: Sixth Framework Programme Specific Targeted Research Project
Thematic Priority:
FP6-2002-LIFESCIHEALTH

Life Sciences, Genomics and Biotechnology for Health
Final Report

Period covered: from 1/1/2004 to 30/6/2007


Date of preparation: 30th July, 2007
Start date of project: 1st January 2004




Duration: 42 months
Project coordinator name: Nektarios Tavernarakis
Project coordinator organization name: Foundation for Research and Technology, Hellas
Publishable final activity report

The NemaGENETAG STREP consortium aims to develop cutting-edge tools and resources that will facilitate modelling of human pathologies in C. elegans, and advance our understanding of animal development and physiology. The nematode Caenorhabditis elegans is a widely appreciated, powerful platform in which to study important biological mechanisms related to human health. More than 65% of human disease genes have homologues in the C. elegans genome, and essential aspects of mammalian cell biology, neurobiology and development are faithfully recapitulated in this organism. We aim to develop cutting-edge tools and resources that will facilitate modeling of human pathologies in C. elegans, and advance our understanding of animal development and physiology. Specifically, we optimized and automate existing transposon-mediated mutagenesis methodologies based on the Mos1 transposable element, in addition to developing alternatives using the Minos transposon system. We have exploited these tools to generate and evaluate a collection of transposon-tagged mutants, aiming to cover the complete genome of approximately 20,000 genes. Further, we established the infrastructure necessary for managing and maintaining this resource. To achieve these goals, we have assembled a group of experts with pioneering contributions to transposon and genomics technologies in C. elegans, who are also exceptionally proficient in the biology of the nematode. Our participant, MAIA Scientific, is a company specializing on platform technology development and will provide solutions essential for the automation and streamlining of the processes involved in generating libraries of mutant strains. The final product of our focused project—a comprehensive collection of transposon-tagged alleles—together with the acquisition of efficient transposon-based tools for mutagenesis and transgenesis in C. elegans, should be of great value to the European and international scientific community. Our efforts strengthen European research in the strategic area of functional genomics and yield a wealth of information on gene function, immediately relevant to pharmaceutical R&D.

Project execution
Our initiative has 3 clear objectives, exemplified in the form of 5 distinct workpackages with measurable and verifiable endpoints and deliverables. Specifically:
Objective 1. Optimization/automation of the Mos1-based system for large-scale mutagenesis

The Mos1 system has already been established as an efficient tool for gene-tagging in C. elegans. It is based on the generation of transgenic worm strains carrying two independent extrachromosal arrays, one that encodes the Mos1 transposase under the control of an inducible promoter, the other that includes copies of the Mos1 transposon. Induction of transposase expression leads to the mobilisation of the transposon and its integration within the C. elegans genome. The extrachromosal arrays are not inherited in a Mendelian fashion and can be easily lost in subsequent generations, resulting in the stabilisation of the Mos1 insertion. We will further characterize this system in terms of insertion bias and mutagenicity. Through such detailed characterization, we will seek to optimize Mos1 tools and reagents for high-throughput screenings. Scaling up transposon-mediated gene-tagging to the whole-genome level requires considerable investment in the development of technology platforms that will allow automation and streamlining of various processes. Our participant, MAIA Scientific (Participant #4), will contribute towards this goal by deployment/development of the required solutions in close collaboration with the participants involved in generating and evaluating large collections of transposon insertion mutants.

Objective 2. Development of novel transposon-based systems for mutagenesis, transgenesis and genome engineering in C. elegans 

Development of other transposons systems is important for two reasons. First, all transposons have preferential insertion sites in genomes. We predict that even after isolating a very large number of Mos1 insertions, specific regions of the genome will be under-sampled. Another transposon would have a distinct insertion bias and would provide a way to target the genes that are found in such regions. Second, transposons can used to introduce foreign sequences into the host genome. This feature is widely used for enhancer-trap systems or tissue-specific expression systems. Mos1 can accommodate exogenous DNA but the frequency of transposition decreases exponentially with the size of the insert, such that a maximum of only 300 bp of exogenous DNA can be included in recombinant Mos1 transposons . To circumvent these issues we plan to develop alternative transposon systems in C. elegans based on the well-characterised and widely used Minos transposable element. 

Localized transposon insertions also represent an entry point to further manipulate the locus where they inserted. First, imprecise excision of mariner transposons causes various types of gene lesions such as gene deletions. Mos1 re-mobilization followed by imprecise repair can be achieved in C. elegans. By reintroducing a Mos1 transposase expression transgene, it is possible to identify excision events that cause deletions or small insertion footprints in the gene that is tagged with Mos1 insertion. Ongoing experiments indicate that Mos1 re-excision is very efficient: using the mutant unc-5(ox171::Mos1) which contains a Mos1 element inserted into the seventh exon of the unc-5 gene, we have demonstrated that greater than 6.3 % of the chromosomes experience excision after heat-shock induction of Mos1 transposase expression. We could also demonstrate that after excision, the double-strand break was repaired from the homologous chromosome. This repair mechanism will regenerate a Mos1 copy at the site of excision. However, repair is inhibited when chromosome pairing is disrupted. These features of Mos1 re-excision will be used to recover imprecise excision events at high frequency. This tool combined with a comprehensive library of Mos1 insertions would provide a general resource to knock-out most of the C. elegans genes at low cost. Second, gene conversion following transposon excision has been exploited to copy information into a genome in a site-specific manner. In Drosophila, Glooret al. (Science, 1991, 253, 1110) were able to copy sequences from one chromosomal locus into another. In C. elegans, Plasterk et al.(EMBO J., 1992, 11, 287) were able to copy homologous sequences from an extrachromosomal array into the genome at the native chromosomal locus. However, Tc1 induced transgene-instructed gene conversion was rare, occurring at a frequency of 2X10-5, preventing this technique from being widely utilized in C. elegans research. Mos1 provides an alternative to circumvent this limitation. First, Mos1 re-mobilization is extremely efficient. Second, using balancer chromosomes, it is possible to inhibit gene conversion from the homologous chromosome. Such events would otherwise out-compete recombination with the extrachromosomal array that will be used as a template for double-strand break repair. If exogenous sequences could be introduced efficiently into the C. elegans genome via Mos1-mediated transgene-instructed gene conversion, a library of strains containing Mos1 insertions in every gene would provide a feasible alternative to homologous recombination techniques that are not available in C. elegans.

Objective 3. Construction of an ordered library of transposon-tagged alleles covering at least 85% of the C. elegans gene complement.

Our aim is to use the tools and technologies described above to generate a comprehensive collection of transposon-tagged nematode genes. Such a mutant collection will provide an extremely valuable resource because it will accelerate our understanding of gene function, which is a major challenge in biology. Since, approximately 50% of human genes have a C. elegans homologue and more than 65% of human disease genes are represented in the nematode genome, a library of transposon-tagged genes will provide ready-made models and reagents to tackle human pathologies. We intend to organize the necessary infrastructure necessary for maintaining and freely distributing this resource to interested colleagues all over the world. C. elegans strain stocks can be kept frozen and thawed easily, which greatly facilitates the conservation and distribution of mutant collections.
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Work package list /overview
	Work-package
No
	Workpackage title
	Lead 
contractor
No
	Start
month
	End
month
	Deliverable
No

	1
	Optimization/automation of Mos1 transposon-based technologies
	2
	0
	36
	2, 3, 7, 14

	2
	Development of alternative systems for mutagenesis and transgenesis, based on the Minos transposon
	1
	0
	42
	5

	3
	Generation of a comprehensive, ordered library of tagged nematode genes
	6
	9
	42
	4, 6, 9, 15

	4
	Case-studies/evaluation of the resource
	3, 5
	16
	42
	11, 12

	5
	Platform technology development/deployment
	4
	0
	36
	1, 8, 10, 13


Workplan

The main objective of our proposed research programme is the generation of a comprehensive collection of C. elegans strains carrying transposon-tagged genes. The use of heterologous transposable elements instead of resident Tc transposons allows for rapid and controllable genetic and molecular maneuvers, such as gene identification and cloning, and when necessary, efficient generation of knock out alleles. This collection will be an extremely valuable resource for the European and international scientific community, and will greatly facilitate functional genomics approaches to disease mechanisms, and gene function, in an organism with exceptional experimental advantages. To achieve the main objective we plan to:

· Optimize and automate technology based on the Mos1 transposable element.

· Develop alternative tools for mutagenesis and transgenesis based on the Minos transposon.

· Develop and deploy platform technologies and infrastructure required to achieve our main objective and to manage and maintain a large resource.

· Test/evaluate our final product and tools in case studies involving forward genetic screens.

The Workplan is broken down to activities that partially or totally depend on each other, and is further dissected into workpackages, which correspond to major subdivisions of the programme. The structure of the project reflects the complementarity of the approaches and of the expertise of the individual participants. Hence, each participant contributes to several workpackages as detailed in section B4. The tight integration of individual contributions and activities is of fundamental importance to the successful completion of the project (see the NemaGENETAG Project Organization Diagram below). Our activities are categorized into 2 major types:

· Research activities, which are distributed into 4 workpackages as follows:

· Optimization/automation of Mos1 transposon-based technologies

· Development of alternative systems for mutagenesis and transgenesis in C. elegans based on the Minos transposon
· Generation of a comprehensive, ordered library of tagged nematode genes

· Case-studies/evaluation of the resource

· Technological development, innovation and demonstration related activities, which shape workpackage 5:

· Platform technology development/deployment

Below we outline these activities, explain the structure of the plan and present the overall methodology used to achieve the objectives.
A. Optimization/automation of Mos1 transposon-based technologies (WP1). The goal of WP1 is to validate the utility of the Mos1 system at the whole genome scale and to generate new tools to engineer the C. elegans genome. It breaks into three major points:

· Evaluation of a pilot collection of Mos1 insertions that is being generated by the Segalat group. Localization and statistical analysis of insertion distribution will be performed by the Segalat group. A subset of insertions will be selected and analyzed for phenotypic alterations between the Segalat, and Bessereau groups.

· Development of a strategy for efficient recovery of gene deletions by Mos1 excision. 

· Development of a strategy for engineering mutations by transgene-instructed double stranded DNA break repair following Mos1 excision.

B. Development of alternative systems for mutagenesis and transgenesis in C. elegans based on the Minos transposon (WP2). The objective of this workpackage is to develop alternative systems to the Mos1 system, which is presently the only fully-controllable transposable element which can be used in C. elegans to construct libraries of tagged genes. Minos has been chosen because 1) Minos has a large spectrum of hosts and 2) Minos can support extensive modification of their internal sequences without hampering the ability to transpose. Efficient transposition based on these systems would not only facilitate the construction of the insertion library (WP3), but it would also benefit to the C. elegans community as new tools and pave the way for a much needed enhancer trap system.
C. Generation of a comprehensive, ordered library of tagged nematode genes (WP3). The objective of this workpackage is to generate an ordered collection of C. elegans strains carrying transposon-tagged genes. The aim is to achieve genome-wide coverage through the delivery of at least 17,000 tagged genes (85% of the nematode gene complement).
D. Case-studies/evaluation of the resource (WP4). The objective of this workpackage is to evaluate, and to provide added value to, the bank of C. elegans transposon-tagged genes generated in workpackage 3 using:

Forward genetic screens.

Two main forward genetic screens will be undertaken:

· Screens to identify genes required for nicotinic neurotransmission. These genes will represent candidate drug targets, especially for the treatment of nicotine addiction.

· Screens to identify genes required for necrosis and neurodegeneration in the nematode. Functional characterization of such genes will elucidate mechanisms of inappropriate cell death and reveal targets for therapeutic intervention aiming to counter neurodegeneration.
E. Platform technology development/deployment (WP5). Workpackage 5 incorporates the development of platform technologies required for the timely and successful completion of the project. Our participant, MAIA Scientific will decisively contribute to technology development and support of research activities. Today, UBio’s COPAS Biosort technology is well embedded in the C. elegans research community. Two contributing teams are currently using it and will apply it within context of this project. UBio will continue actively to the smooth introduction of new developments on COPAS. The aim is to introduce a new ultra sensitive automated microscopic imaging device (MIAS-2) into the consortium and to apply it to the advantage of its core objective: genome-wide application of current and novel transposon technologies. The MIAS-2 reader will be ready by the fourth quarter of 2003 and available for acquisition of images starting day 1 of the project. In addition to providing automated image acquisition and analysis, it is expected that the very high sensitivity in low light conditions of the MIAS-2 microscopic reader will increase the success rate of the project in several ways e.g.: (1) investigate very low expression levels of reporter proteins in the nematode body (way below the sensitivity of the eye) and (2) the reagent cost of micro array experiments is likely to be decreased through low-light image capture.

Dissemination and use

Impact
The massive amount of raw data generated by genome sequencing projects worldwide presents the scientific community with the staggering task of making true sense of this information. This is essential for understanding the delicate intricacies of biological processes and their interactions, and ultimately interfacing with approaches aiming to improve human health and quality of life. Upon successful completion of our programme, we will have generated a comprehensive resource, highly valuable for functional genomics, as well as for individual case studies. This resource, together with the acquisition of cutting-edge transposon-based tools for mutagenesis and transgenesis in C. elegans, we anticipate, will radically transform the field of nematode functional genomics and allow straightforward modelling of human pathologies in C. elegans, in addition to greatly accelerating research on important biological areas such as development, the function of the nervous system, and cell biology. Our activities towards the development/deployment of platform technologies for streamlining and automating mutant screening and characterization, and data acquisition and processing will generate the infrastructure required to achieve our goals.

Reinforcing competitiveness

We will orchestrate a multifaceted, approach that will coordinate and focus the efforts of outstanding researchers by promoting the exchange and sharing of expertise between internationally acclaimed institutions spanning 4 European countries. In doing so our network will attain the momentum required to maintain C. elegans as a powerful model organism, ideal for modeling numerous human diseases and pathological conditions. Furthermore, by honing the cutting-edge tools and resources that are necessary for modern functional genomics, our activities will facilitate deeper understanding of organismal physiology. By promoting the joining of forces and pooling of complementary competences, our team will generate the structure and capacity required to achieve a common goal that will have significant impact on European and worldwide biomedical research. Our efforts should strengthen the broad base of European research in the strategic area of model organism functional genomics and yield a wealth of information on gene function, immediately relevant to pharmaceutical R&D. We anticipate that our endeavor and its significant scientific outcome will attract and provide ample motivation for bright young investigators to stay within European borders and engage in aspects of the proposed or follow-up research. Therefore, our initiative contributes to reduce “brain drain” to the United States that seriously depletes Europe of its elite fresh taskforce. As a consequence, European research would become more competitive. Finally, given that a significant component of our proposed research is the establishment of simple-organism disease models; our network also contributes towards converting biological knowledge and R&D to practical applications, important to human health and quality of life.

European added value

Although European C. elegans research has come a long way and is currently increasing its strength, with excellent new laboratories being established throughout Europe, there is still a big gap in comparison to the US. Our project, if successful, will not only provide cutting-edge tools and resources to the European and international scientific community, but also nucleate a larger pan-European network of laboratories aiming to exploit these tools and resources to model human diseases and address gene function, both of which are immediately relevant to the betterment of human health and quality of life. This will be a major achievement, consolidating the fragmented European nematode research base, and strengthening the European C. elegans community and laboratories. We emphasize that the products of our programme will not only be useful to C. elegans researchers but also to the scientific community at large, by making the nematode and attractive and easily accessible platform with which to study individual candidate genes and biological phenomena of particular importance.

Other related national or international activities

There are three main approaches conceptually related with our initiative that are currently being pursued. Ronald Plasterk’s laboratory in Utrecht, Netherlands has pioneered work on C. elegans transposons and has generated and screened transposon insertion libraries (Plasterk, R.H.A. (1995) Reverse genetics: From gene sequence to mutant worm. In: H.F. Epstein and D.C. Shakes (eds.) C. elegans: modern biological analysis of an organism. Orlando: Academic Press, pp. 59-78). However, as detailed in section B1 above, the use of endogenous Tc elements to generate large-scale libraries of mutants has intrinsic limitations, that can be circumvented by the use of heterologous transposable elements.
Julie Ahringer’s group at Cambridge, UK has undertaken a systematic approach to knock down the activity of all nematode genes using RNAi (Kamath RS, Fraser AG, Dong Y, Poulin G, Durbin R, Gotta M, Kanapin A, Le Bot N, Moreno S, Sohrmann M, Welchman DP, Zipperlen P, Ahringer J. Nature Vol. 421 pp. 231-7). In this tour de force of modern functional genomics a reusable RNAi library of 16,757 clones was generated, which represents a coverage of about 86% of the nematode genome. While this is a tremendously useful resource, there are some inherent problems associated with RNAi. As detailed in section B1 above, RNAi is not panacea and can be problematic (relatively ineffective in the nervous system and other tissues, partial elimination of gene function). Therefore this resource cannot be considered to be a substitute for a collection of stable mutants.

Finally, an international consortium of laboratories was set up in 1999 to knock out systematically all 20,000 nematode genes (The C. elegans Gene Knock Consortium; http://elegans.bcgsc.bc.ca/knockout.shtml). While knock out alleles generated are extremely useful for gene function studies, progress has been slow this far, mostly due to the nature of labor intensive chemical mutagenesis and PCR based screening procedures involved in generating the mutant strains. Up until now, only about 668 genes have been knocked down (Info: Gary Moulder, Project Manager, C. Elegans Gene Knockout Project, Oklahoma City, USA).

Our proposal nicely complements and extends these initiatives. The strategy we outline in our application alleviates several disadvantages associated with each of the above three activities. The use of controllable transposition of a heterologous transposon, such Mos1 from Drosophila, to tag the large majority of C. elegans genes is feasible. Additionally should transposon insertion not be associated with a disruption of gene function, deletions in genes of interest can be generated in a straightforward fashion by induced excision of the transposable element.

Training of young researchers

During the course of our programme, we will offer unique opportunities to students and researchers early in their careers to receive specialised training in modern molecular and genetic methodologies using C. elegans. We particularly note that the co-ordinator of this project has established the first and only nematode laboratory in Greece, thus introducing C. elegans research to students and young scientists in this country. Through special announcements and calls publicised on the project’s web site, the international C. elegans newsgroup and similar forums, we will invite young European researchers to participate in our activities. We plan to incorporate training sessions and exchanges of scientists between participating groups, where we will educate researchers on the use of tools and resources that we will generate, thus maximising the impact of our initiative and offering an attractive alternative to US laboratories.
Exploitation/dissemination of results

Our research centers on developing high throughput tools and resources for gene tagging, essential for determining gene function and genetic interactions. To achieve our goal, we will pool, optimize and exploit strategies and methodologies developed and already established in individual participating laboratories. Our highly focused project builds on the collective expertise of individual participating laboratories. Members of our team are already well-acquainted with each other and the rest of the European C. elegans community, by participation in meetings and shared research interests. Improvement of the state-of-the-art resulting from the proposed project and benefit for the scientific community at large. The collection we propose to build will be a valuable tool for all C. elegans researchers throughout the world. It is an important part of our efforts to establish the infrastructure for managing and maintaining the collection of insertion mutant strains, and ensuring their distribution to interested parties. Furthermore, we will disseminate important achievements and project milestones through appropriate publications to scientific journals and announcements in international and regional meetings.
Meetings visits and communication

The Consortium will hold annual, formal meetings during the program, which will be conducted to agreed agendas. The Annual Meeting will be the primary forum of scientific exchange. At these meetings, each Participant will report their work and the current status of the research in relation to milestones, deliverables and ethical compliance, will be critically reviewed. During the Annual Meeting a separate session will be allocated to discuss legal, ethical, contractual, financial and administrative matters. Collaboration, exchange and potential enhancements of forthcoming work will be discussed. In addition to the Annual Meetings, bilateral visits and discussions among Participants will be organized. Short-term visits, as described below, and additional meetings of the Participants at major scientific conferences are planned to provide further opportunities for collaboration. The research tasks of this proposal require the complementary expertise of the individual research groups. To exploit fully the complementary expertise of the participating researchers, the joint projects will ensure frequent exchange visits of co-workers between the laboratories throughout the project lifetime. This will be implemented by short-term visits ranging from 2 weeks to 3 months, according to specific requirements. These visits will facilitate the transfer of new methods and techniques among the participating groups. A program of graduate student exchange will be established as part of their training, enhancing the effective co-ordination and exchange of methodology among the different laboratories. This collaborative approach will maximize the use of the unique facilities and links of the individual institutions.

Reports, publications/patents and distribution of materials

The co-ordinator will compile annual reports to the Commission including cost statements, reports of Consortium Annual Meetings and scientific reports from Participants. Drafts of publications resulting from the whole of the project will be distributed to all Consortium Participants at the time of submission. Before publication, the information will be treated as confidential to Consortium Participants. It is expected that the project will result in a number of new findings, which have to be protected by filing patents. Patent filing will not be allowed to significantly delay the submission of manuscripts. The actual length of period will be subject to negotiations between the parties. Patents will be the property of the group that made the discovery. If more than one group contributes to the patent, the percentage rights will be negotiated among the inventors. All aspects of intellectual property rights and specific exploitation strategies arising from this work will be further specified in detail in the Consortium Agreement prior to the start of the project. 

We will establish the necessary infrastructure to manage, maintain and distribute large numbers of mutant strains and reagents. A strain and reagent depository will be set up within the consortium, for the needs of the project. We will also interface with the central repository of nematode strains the Caenorhabditis elegans Genetics Center (CGC; http://biosci.umn.edu/CGC/CGChomepage.htm), and other resources of materials pertinent to C. elegans functional genomics such as the C. elegans Gene Knockout Consortium (http://elegans.bcgsc.bc.ca/knockout.shtml), and Julie Ahringer’s collection of RNAi clones (Cambridge, UK).

Internet presence

The network will set up an interactive internet web site, managed by the co-ordinator and selected participants, which will contain various information such as description of the project, objectives workpackages and deliverables, contact information of participants, and information about the infrastructure, facilities and their availability for shared use. We also plan to catalogue online scientific reagents (vectors, constructs, strains, etc.) available from individual laboratories, general and specialized protocols developed and tested by researchers in our consortium, as well as full text publications, and patents related to our activities. We will also list open positions, links to other web sites of interest and interim results. In addition, we will establish an online forum for electronic communication between participants and finally an online database of available mutant nematode strains with transposon-tagged alleles. We will also interface with other related online resources such as WormBase (http://www.wormbase.org/) and the Caenorhabditis elegans Genetics Center (http://biosci.umn.edu/CGC/CGChomepage.htm). We note here that two European mirrors of The C. elegans WWW server and Wormbase are already operational at the co-ordinator’s site (http://elegans.imbb.forth.gr/ and http://wormbase.imbb.forth.gr/).

Deliverables list

	Del.
No.
	Deliverable name
	Wp no.
	Lead participant
	Nature
	Dissemination
level
	Delivery 
date

	D1
	MIAS-2 operational
	5
	4
	Report, Other
	Public
	3

	D2
	Analysis of a pilot set of Mos1 insertions
	1
	6
	Report
	Public
	8

	D3
	Optimized protocols and reagents for high-through put generation of Mos1 insertions
	1
	6
	Report
	Public
	8

	D4
	Launching of the web interface to the database of the consortium resources and tools
	3
	6
	Other
	Public
	12

	D5
	Tools for mutagenesis and transgenesis in C. elegans, based on the Minos transposon
	2
	1
	Report, Other
	Public
	18

	D6
	An ordered collection of strains carrying approx 6,000 identified insertions
	3
	6
	Report, Other
	Public
	18

	D7
	Protocol for efficient recovery of gene deletions by Mos1 excision
	1
	2
	R
	Public
	24

	D8
	12 software scripts
	5
	4
	Report, Other
	Public
	24

	D9
	An ordered collection of strains carrying approx 18,000 identified insertions
	3
	6
	Report, Other
	Public
	36

	D10
	9 software applications
	5
	4
	Report, Other
	Public
	30

	D11
	Identification of genes involved in nicotinic neurotransmission, in C. elegans
	4
	2
	Report, Other
	Public
	42

	D12
	Identification of genes required for necrotic cell death and neurodegeneration in C. elegans
	4
	1
	Report, Other
	Public
	42

	D13
	Hardware concept tested
	5
	4
	Report, Demonstration
	Public
	36

	D14
	Protocol for engineering mutations by transgene-instructed double stranded DNA break repair following Mos1 excision
	1
	2
	Report
	Public
	36

	D15
	An ordered collection of strains carrying a minimum of 42,000identified insertions, plus the accompanying management and distribution system
	3
	6
	Report, Other
	Public
	42
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