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These are examples of chromosomes with extra links between chromatids,
compared with a normal chromosome (on the left). Credit: Raquel Oliveira
(IGC), Shaila Kotadia (UCSC).

During cell division, chromosomes acquire a characteristic X-shape with
the two DNA molecules (sister chromatids) linked at a central
"connection region" that contains highly compacted DNA. It was
unknown if rearrangements in this typical X-shape architecture could
disrupt the correct separation of chromosomes.

A recent study by Raquel Oliveira, from the Instituto Gulbenkian de
Ciência (Portugal), in collaboration with colleagues from the University
of California, Santa Cruz (USA), now shows that the dislocation of
particular DNA segments perturbs proper chromosome separation. The
results of this study, published now in the open access journal PLOS
Biology, raise the possibility that chromosome rearrangements involving
these regions, often seen in many cancers, can induce additional errors in
cell division and thereby compromise genetic stability.
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The key to understand this problem lies on the "glue" that keeps the two
sister chromatids together. This gluing occurs by the action of proteins
called cohesins that are usually enriched at the compact "connection
region". In this study, researchers monitored cell division in different
strains of the fruit fly Drosophila melanogaster that carry chromosomes
with misplaced sections of highly compacted DNA. Their results
indicated that the inappropriate location of these chromosomal regions is
sufficient to load the cohesion "glue", leading to the formation of
additional connections between sister-chromatids. As cell division
proceeds and the sister chromatids are pulled to opposite poles of the
cell, the presence of these extra cohesion sites leads to abnormal
chromosome stretching as it is harder to "unglue" the chromatids.

Raquel Oliveira, first author of this study, explains: "Many cancer cells
have these type of chromosomal abnormalities and we now show that
this can bring additional problems every time a cell divides". William
Sullivan (UCSC), collaborator of this work, adds: "Like a car with its
engine out of tune, over many cell divisions this is likely to result in
severe disruptions in chromosome organization".

"When we started this work, I was initially interested in understanding
how the "glue" was loaded onto these abnormal chromosomes. My
colleague Shaila Kotadia (UCSC), co-first author of this work, was
investigating chromosome segregation defects in these fruit fly strains.
We soon realized that the two questions were potentially linked and joint
efforts to dissect how and why cell division was affected in these cells",
says Raquel Oliveira. These experiments started during Raquel's post-
doctoral work at the University of Oxford and were concluded after her
move to the IGC.

  More information: Oliveira, R. A., Kotadia, S., Tavares, A.,
Mirkovic, M., Bowlin, K., Eichinger, C.S., Nasmyth, K., Sullivan, W.
(2014). Centromere-independent accumulation of cohesin at ectopic
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heterochromatin sites induces chromosome stretching during anaphase, 
PLOS Biology, doi/10.1371/journal.pbio.1001962
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