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Design, Construction, and Analysis of a Synthetic
Minimal Bacterial Cell
The minimal cell is the hydrogen atom of cellular biology. Such a cell, because of its simplicity and absence of redundancy would be
a platform for investigating just what biological components are required for life, and how those parts work together to make a living
cell. Since the late 1990s, our team at the Venter Institute has been developing a suite of synthetic biology tools that enabled us
to build what previously has only been imagined, a minimal cell. Specifically, a bacterial cell with a genome that expresses only the
minimum set of genes needed for the cell to divide every two hours that can be grown in pure culture. That minimal cell has about half
of the genes that are in the bacterium on which it was based, Mycoplasma mycoides JCVI syn1.0, the so-called synthetic bacteria we
reported on in 2010. We used transposon bombardment to identify non-essential genes, and genes needed to maintain rapid growth
in M. mycoides. Based on those data, we designed and synthesized a reduced genome in eight overlapping segments. All segments
were individually viable when combined with wild type versions of the seven other segments. Combinations of reduced segments that
were not viable allowed us to identify synthetic lethal pairs of genes. These occur when two genes each encode an essential function.
Those findings required re-design and re-synthesis of some reduced genome segments. Three cycles of design, synthesis, and
testing, with retention of quasi-essential genes, produced synthetic bacterium JCVI-Syn3.0 (531 kb, 474 genes), which has a genome
smaller than that of any autonomously replicating cell found in nature. Synthetic bacterium JCVI-Syn3.0 retains almost all genes
involved in synthesis and processing of macromolecules. Surprisingly, it also contained 149 genes with unknown biological functions,
suggesting the presence of undiscovered functions essential for life. This minimal cell is a versatile platform for investigating the core
functions of life, and for exploring whole-genome design. Since it was initially reported in 2016, we have identified functions for about
50 of the original 149 genes of unknown function, developed a computational model of the cell, and have made great progress in
understanding the biology of this simple representative of all living cells.
This work was supported by Synthetic Genomics, Inc., DARPA Living Foundries contract HR0011-12-C-0063, and the J. Craig Venter
Institute.
Dr. John Glass is a Professor and leader of the J. Craig Venter Institute (JCVI) Synthetic Biology and Bioenergy Group. His expertise is in molecular biology, microbial
pathogenesis, RNA virology, and microbial genomics. Glass is part of the Venter Institute team that created the first bacterial cell with a chemically synthesized genome
and a bacterial cell with a synthetic genome encoding only the essential gene set needed for life. In reaching this milestone the Venter Institute scientists developed the
fundamental techniques of the new field of synthetic genomics including genome transplantation and genome assembly. Glass was also leader of the JCVI project that
rapidly made synthetic influenza virus vaccine strains in collaboration with Novartis Vaccines and Diagnostics, Inc. and Synthetic Genomics, Inc. Glass and his Venter
Institute colleagues are now using synthetic biology and synthetic genomics approaches developed at the JCVI to create cells and organelles with redesigned genomes
to make microbes that can produce biofuels, pharmaceuticals, and industrially valuable molecules. Glass is one of the founding members of the Build-A-Cell program to
create synthetic cells, and member of the Global Viral Network Scientific Leadership Board.
Prior to joining the JCVI, Glass spent five years in the Infectious Diseases Research Division of the pharmaceutical company Eli Lilly. There he was a member of the
hepatitis C virology group and a microbial genomics group (1998-2003). There Glass was part of the Lilly and Vertex Pharmaceuticals Inc. team that developed Incivek,
one of the first drugs to cure hepatitis C virus. Glass earned his undergraduate (Biology) and graduate degrees (Genetics) from the University of North Carolina at Chapel
Hill. His Ph.D. work was on RNA virus genetics in the laboratory of Gail Wertz.
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