
 

RNA information transfer could be used in
repairing DNA

September 16 2020, by Jerry Grillo

  
 

  

This is a computer graphic of an RNA molecule. Credit: Richard
Feldmann/Wikipedia

Genomes are routinely subjected to DNA damage. But most cells have
DNA repair systems that enforce genome stability and, ideally, prevent
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diseases like cancer. The trouble gets serious when these systems break
down. When that happens, damage such as unrepaired DNA lesions can
lead to tumors, and genomic chaos ensues.

"Double-strand breaks are one of the most dangerous types of DNA
damage a cell can experience," said Chance Meers, a postdoctoral
researcher at Columbia University who earned his Ph.D. in molecular
genetics in 2019 in the lab of Francesca Storici at the Georgia Institute
of Technology. "They inhibit the cell's ability to replicate its DNA,
stalling cell division until the damage is repaired."

The most accurate pathway of DNA-break repair is by using a
homologous DNA sequence to template the re-synthesis of the damaged
DNA region. Researchers in the Storici lab previously showed that a
homologous RNA sequence could also mediate this break repair, and
sought to understand the molecular mechanisms that control this process.
They wrote about it in a recently published paper for the journal 
Molecular Cell.

"This is really about RNA's capacity to transfer information to DNA that
could be used in repairing damage," explained Storici, professor in the
School of Biological Sciences and a researcher in the Petit Institute for
Bioengineering and Bioscience at Georgia Tech.

In a 2014 article published in Nature, her team explained how transcript-
RNA could serve as a template for the repair of a DNA double-strand
break. In this new study, according to lead author Meers, "we found that
not only can RNA serve as a template for the repair of double-strand
breaks, but that it was modifying genomic information in the absence of
double-strand breaks."

This modification of DNA even in the absence of an induced double-
strand break was very surprising to the team. Also unanticipated, said
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Meers, was that the process of transferring information depended on the
presence of an unexpected enzyme, DNA polymerase Zeta.

"This is quite surprising, because DNA polymerase Zeta is part of a large
class of enzymes known as DNA polymerases characterized by their
ability to catalyze the synthesis of DNA molecules from a DNA
template," Meers said.

Polymerase Zeta is part of a subset of DNA polymerases known as
translesion DNA polymerases, which have unique properties that allow
them to synthesize damaged DNA caused by mutagens like UV
radiation. Translesion DNA polymerases also are important in cellular
processes like the diversification of B-cell receptors used to recognize
foreign elements like viruses.

Meers explained that RNA molecules can be thought of as the cache on
a computer—or a short-term memory that is not stably maintained.
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Researchers have found that not only can RNA serve as a template for the repair
of double-strand breaks, but that it was modifying genomic information in the
absence of double-strand breaks. Shown is Francesca Storici, a professor in
Georgia Tech’s School of Biological Sciences. Credit: Rob Felt, Georgia Tech

"We use a novel assay in which the yeast chromosomal DNA was
genetically engineered to contain a piece of DNA sequence that allows it
to be removed only in the RNA that is actively transcribed from the
chromosomal DNA, generating a change in the RNA sequence but not in
the DNA," he said.

If this "short-term memory," in the form of RNA, is transferred back
into the DNA sequence during the process of RNA-templated DNA
repair, it becomes "long-term memory" stored in the DNA, which can be
thought of as the hard drive.

"We placed this system into a particular gene in yeast, which gives an
observable characteristic trait if this process occurred, allowing us to
track the repair process," Meers said.

Exploiting such an assay, along with the discovery of a new role for
DNA polymerase Zeta in RNA-templated DNA repair and modification,
the study contains a series of new findings that helped the team better
understand the genetic and molecular mechanisms by which RNA can
change DNA sequences in cells.

This research essentially lays the groundwork for exploring the role that
RNA can play in modifying genomic sequence and should allow future
studies to more directly explore the role of RNA in genomic instability
and, in particular, in other organisms, like humans.
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  More information: Chance Meers et al. Genetic Characterization of
Three Distinct Mechanisms Supporting RNA-Driven DNA Repair and
Modification Reveals Major Role of DNA Polymerase ζ, Molecular Cell
(2020). DOI: 10.1016/j.molcel.2020.08.011

Provided by Georgia Institute of Technology

Citation: RNA information transfer could be used in repairing DNA (2020, September 16)
retrieved 13 March 2024 from https://phys.org/news/2020-09-rna-dna.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

http://dx.doi.org/10.1016/j.molcel.2020.08.011
https://phys.org/news/2020-09-rna-dna.html
http://www.tcpdf.org

