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ABSTRACT:
The human genome is a sequence of 3 billion chemical letters inscribed in a molecule called
DNA. Famously, short stretches (approximately 10 letters, or a-base pairs) of DNA fold into
a double helix. But what about longer pieces? How does a 2-meter-long macromolecule,
the genome, fold up inside a 6-micrometer-wide nucleus? And, once packed, how does the
information contained in this ultra-dense structure remain accessible to the cell? This talk
will discuss how the human genome folds in three dimensions, a configuration that enables
the cell to access and process massive quantities of information in parallel. To probe how
genomes fold, we developed Hi-C, a method that can determine not only the genome's
1D sequence, but its 3D fold Hi-C maps collisions between pairs of DNA sequences as
they fluctuate inside the nucleus (Lieberman Aiden et al., Science, 2009; Rao & Huntley
et al., Cell, 2014). To reconstruct the underlying folds from the billions of collisions we
record, we too must engage in massively parallel computation. Working together with
IBM, NVIDIA, Mellanox, and Edico Genome, we built a specialized hardware platform
integrating graphical processing units and field programmable gate arrays to accelerate
our research. In one recent application, we determined the genome sequence of Aedes
aegypti, the mosquito that carries Zika virus, using a new methodology that exploits
folding patterns to assemble genome sequences more easily (Dudchenko et al., Science,
2017). Assembling this genome had been an urgent biomedical challenge that had been
highlighted, only a few months before, on the front page of the New York Times.
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