7.347  Epigenetic Regulation of Stem Cells
Instructors: Eric Williams (eow1@mit.edu, 607-351 2831; laboratory of Leonard Guarente)
      
      Joe Wamstad (jwamstad@mit.edu, 617-324-5094; laboratory of Laurie Boyer)
Spring 2014. Thursdays, 1 pm - 3 pm. (Class time is flexible.) Room 68-150.

During development a single totipotent cell gives rise to the vast array of cell types present in the adult human body, yet each cell has essentially the same DNA sequence.  As cells differentiate, distinct sets of genes must be coordinately activated and repressed, ultimately leading to a cell-type specific pattern of gene expression and a particular cell fate. In eukaryotic organisms, DNA is packaged in a complex protein super structure known as chromatin. Modification and reorganization of chromatin plays a critical role in coordinating the cell-type specific gene expression programs that are required as a cell transitions from a pluripotent stem cell to a fully differentiated cell type.  Epigenetics refers to such heritable changes that occur in chromatin without altering the primary DNA sequence.  The ability to study the epigenome (the chromatin-associated proteins and RNAs that organize and coordinate access to DNA) on a grand scale has only recently become feasible with the advent of methods for genome-wide analyses and high-throughput sequencing technologies. For example, we are now able to map essentially any epigenetic modification that occurs to either the DNA itself and or to the chromatin protein scaffold around which the DNA is organized.  We can even decipher the 3-dimensional structure of chromatin within the nucleus during different epigenetic states. These advances have led to an explosion of data and a comprehensive picture of the epigenome and the factors that regulate it. In this class we will discuss the various mechanisms of epigenetic regulation, including DNA methylation and post-translational modification of histones, and the roles of chromatin-assembly modifying complexes, non-coding RNAs and nuclear organization. We will read papers from the primary research literature and discuss both the scientific discoveries and the new technologies that have made these discoveries possible. This class will focus on the role of epigenetic regulation with respect to developmental fate and also consider the fact that the epigenetic mechanisms discussed have broad implications, including how seemingly normal cells can be transformed into cancerous cells.

