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            Abstract
Recent advances in DNA synthesis technology have enabled the construction of novel genetic pathways and genomic elements, furthering our understanding of system-level phenomena1,2,3,4,5,6,7. The ability to synthesize large segments of DNA allows the engineering of pathways and genomes according to arbitrary sets of design principles. Here we describe a synthetic yeast genome project, Sc2.0, and the first partially synthetic eukaryotic chromosomes, Saccharomyces cerevisiae chromosome synIXR, and semi-synVIL. We defined three design principles for a synthetic genome as follows: first, it should result in a (near) wild-type phenotype and fitness; second, it should lack destabilizing elements such as tRNA genes or transposons8,9; and third, it should have genetic flexibility to facilitate future studies. The synthetic genome features several systemic modifications complying with the design principles, including an inducible evolution system, SCRaMbLE (synthetic chromosome rearrangement and modification by loxP-mediated evolution). We show the utility of SCRaMbLE as a novel method of combinatorial mutagenesis, capable of generating complex genotypes and a broad variety of phenotypes. When complete, the fully synthetic genome will allow massive restructuring of the yeast genome, and may open the door to a new type of combinatorial genetics based entirely on variations in gene content and copy number.
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                        Maps of synIXR and semi-synVIL.
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Figure 2: 
                        Strain construction and verification.
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Figure 3: 
                        Transcript profiling of wild-type and synIXR strains.
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Figure 4: 
                        SCRaMbLE rearranges genomes.
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                Data deposits

                SynIXR and semi-synVIL sequences have been deposited to GenBank with the accession codes: synIXR, JN020955; semi-synVIL, JN020956. Microarray data have been submitted to Gene Expression Omnibus under accession number GSE31326.
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A part-synthetic yeast genome
A milestone in biology was reached in 2010, with the production of a viable bacterium with a genome that had been reassembled artificially from synthetic DNA segments. Now Jef Boeke and colleagues report the production of the world's first synthetic eukaryotic chromosome arms, a first step in a project called Sc2.0, which aims to design and construct an entirely synthetic version of the Saccharomyces cerevisiae genome. In this initial phase, two custom-designed synthetic chromosome arms were incorporated into the yeast genome, replacing the endogenous sequence.
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