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	Investigating novel Arabidopsis recombination mutants

	Project Summary 

	Meiosis is a specialised cell division during sexual reproduction that is essential for fertility. It reduces chromosome numbers by half, so that haploid gametes are restored to normal ploidy levels upon fertilisation. Meiosis is characterised by the formation of crossovers, a process that shuffles chromosomal DNA thereby creating new combinations of alleles that may be selected upon in the next generation. In plants, crossover formation is sensitive to high temperatures and research is needed to determine the underlying factors, especially in the context of global warming. 
A recent MIBTP graduate from our lab (Dr Martin France) showed that the number and position of crossovers is controlled by the Synaptonemal Complex protein ZYP1 (France et al. 2021, PNAS, 118). The Synaptonemal Complex is a conserved proteinaceous structure that forms during meiosis in the majority of eukaryotes. ZYP1 is orthologous to proteins characterised in budding yeast, flies and mammals, although five additional proteins have also been identified in mammals. A bioinformatic analysis of ZYP1 co-expression networks in Arabidopsis has identified 5 genes that potentially interact with ZYP1. Mutant lines have been obtained for these candidate genes and a preliminary cytological analysis of the first gene has revealed that it is essential for Synaptonemal Complex formation and normal positioning of crossovers. 
The aim of this project will be to characterise this unknown gene (and maybe other candidates), for crossover position and number as well as sensitivity to higher temperatures.  A range of techniques will be employed to test protein structure and interactions as well as chromosome morphology. The mutants will be crossed with pollen fluorescent recombination reporter lines to determine the frequency and distribution of crossovers as well as super-resolution immunofluorescence with cytological markers to monitor different steps in the recombination pathway. The novel mutants will be crossed with previously characterised meiotic mutants (e.g. zyp1, msh4, pch2) to determine the impact on crossover pathways and Synaptonemal Complex morphogenesis. Yeast-2-hybrid will be performed to identify interacting partners based on a small number of known meiotic genes. A collaboration with Dr Owen Davies (Uni. of Edinburgh) will also provide an opportunity to elucidate higher order protein organisation of the novel protein(s) (e.g. dimers, trimers). This will provide the student with training in various lab skills as well as an opportunity to characterise an unknown, fundamental gene required for plant sexual reproduction. 
Objectives:  
· To characterise at least one previously unknown, but fundamental gene required for normal levels of recombination in plants  
· Utilise fluorescence immunolocalisation in conjunction with super-resolution microscopy to analyse in vivo protein dynamics  
· Determine impact of high temperatures on novel protein function 
· Perform structural biological analysis of meiotic protein complexes 
Techniques that will be undertaken during the project:
Super-resolution fluorescence microscopy, DNA extraction, cloning, PCR, DNA sequencing, yeast-2-hybrid analysis, crossing Arabidopsis, bioinformatics.
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