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Protein factors tie the genome up in a bow
for gene expression

December 10 2015

A depiction of the double helical structure of DNA. Its four coding units (A, T,
C, Q) are color-coded in pink, orange, purple and yellow. Credit: NHGRI
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Protein factors are responsible for organizing chromosomes inside the
nucleus in three dimensions (3D), forming a shape like a gift bow, with
proteins aggregating as the central 'knot' holding the ribbon-like loops of
DNA when genes are organized for proper expression, or a tangled mess
in the presence of certain mutations.

These findings, published in Cell, result from research by an
international team of collaborators led by Jackson Laboratory Professor,
Florine Deschenes Roux Chair and Director of Genome Sciences Yijun
Ruan, Ph.D., exploring the 3D genome architecture in the nucleus and its
relationship to gene regulation and diseases.

"The significance of this paper lies in our advanced 3D genome mapping
strategy," Ruan comments, "which allowed us to reveal, for the first
time, the higher-order and detailed topological structures of the human
genome mediated by CTCF and cohesin, and the relation to gene
transcription regulation carried out by RNA polymerase II. This
publication is also timely adding new excitement to the recently initiated
4D Nucleome program by NIH."

Using advanced 3D genome mapping technologies, 3D genome
simulation and super-resolution microscopy, the researchers identified
the topological framework mediated by chromatin proteins (CTCF and
cohesin), in which genes are organized and transcribed at the
chromosomal level. They found that the protein-bound knots were
located along the chromosome axis, with the DNA loops extending out
from the transcriptionally inactive chromosome cores. This is the first
observation of the barrier between genes being actively read and those
that are not.

They also determined that the CTCF/cohesin-mediated genome
organization is not random. For instance, 'housekeeping genes' (those

essential genes commonly expressed in all cell types) were often found
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near the protein-bound knots, whereas cell-specific genes were more
commonly positioned in the extended DNA loops. Mechanistically,
depending on the specific needs of a cell, transcriptional proteins
selectively draw certain genes on those loops close to the protein knots
for cell-specific expression.

Moreover, they uncovered a potential mechanistic link between genetic
mutations and their associated disease. A single nucleotide mutation
associated with asthma and autoimmune disease in people of European
ancestry disrupted CTCF-DNA binding, the topology of the DNA
looping and subsequent transcription of the surrounding genes, resulting
in a messy tangle of DNA instead of a neat bow. Thus, protein-DNA
binding data may prove useful for determining which specific nucleotide
changes in the human genome, through altering genome topology, are
responsible for driving disease.
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