Preface

It was somewhat of a surprise to the scientific community when, in 1944, Oswald
Avery definitively proved that DNA encoded the blueprint to life. Many scientists
at the time thought that, with just four bases, DNA was chemically too simple to
contain so much information. Nearly 75 years later, though, we are still trying to
parse all the information contained in a genome. This work has been greatly
accelerated in the past decade by two parallel advancements: next-generation
DNA sequencing technology and genome editing methods. Current sequencing
capacity is leading to the generation of large amounts of genetic data, while our
ability to manipulate the genome is rapidly advancing our understanding of that
genetic data.

Genome editing based on the microbial CRISPR-Cas adaptive immune system
has emerged in recent years as a powerful tool for dissecting genetic circuits.
CRISPR-associated enzymes such as Cas9 and Cpfl are RNA-guided DNA endo-
nucleases that can be precisely targeted to nearly any region of the genome via the
guide RNA sequence. These enzymes have been used for both gene disruption and
insertion in a wide range of organisms, and they have also been developed as a
platform for gene activation, providing another way to modulate gene expression
patterns. Finally, RNA-guided nucleases can facilitate both loss- and gain-of-
function genome-wide screening applications. This technology has significantly
advanced our ability to perform forward genetics in mammalian systems, model
human diseases in tractable systems, and interrogate complex genetic processes.
Moreover, it has the potential to revolutionize the way we treat human disease.

The Fondation IPSEN Collogue Médecine et Recherche in the Neuroscience
Series, held in Paris on April 22, 2016, highlighted how genome editing is enabling
breakthroughs in how we study the brain and how we may be able to apply this
powerful method to understand and treat central nervous system (CNS) disorders.
The use of CRISPR-Cas-based technologies was a common thread that ran through-
out the meeting: it was used to either develop new cell lines relevant to studying the
CNS or it made it possible to use new model organisms to study the CNS; it
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powered large-scale interrogation of neuronal genetic circuits; and it was used for
proof-of-principle therapeutic restoration of disease-causing mutations.

In contrast to Avery’s discovery, nobody has ever doubted the complexity of the
human brain. Neuroscientists have struggled for decades with seemingly intractable
questions about the nature of the brain, and CNS disorders have proven to be some
of the most difficult human diseases to study, in large part because the tools simply
were not available. Genome editing, along with other recent technological advances
such as next-generation sequencing advances and optogenetics, is unlocking hun-
dreds of new ways to study the brain. The work that is described in this volume
exemplifies the lines of research that can now be pursued and offers a tantalizing
glimpse of where this work will lead us.
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