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New tool to map RNA-DNA interactions
could help researchers translate gene
sequences into functions
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Artistic rendering of RNA-DNA interactions. A 3-D structure of tightly coiled
DNA is depicted as the body of a dragon in Chinese myth. Interacting RNAs are
depicted as hairs, whiskers and claws, which are essential for the dragon to
function. Credit: Victor O. Leshyk

Bioengineers at the University of California San Diego have developed a
new tool to identify interactions between RNA and DNA molecules. The
tool, called MARGI (Mapping RNA Genome Interactions), is the first
technology that's capable of providing a full account of all the RNA
molecules that interact with a segment of DNA, as well as the locations
of all these interactions—in just a single experiment.

RNA molecules can attach to particular DNA sequences to help control
how much protein these particular genes produce within a given time,
and within a given cell. And by knowing what genes produce these
regulatory RNAs, researchers can start to identify new functions and
instructions encoded in the genome.

"Most of the human genome sequence is now known, but we still don't
know what most of these sequences mean," said Sheng Zhong,
bioengineering professor at the UC San Diego Jacobs School of
Engineering and the study's lead author. "To better understand the
functions of the genome, it would be useful to have the entire catalog of
all the RNA molecules that interact with DNA, and what sequences they
interact with. We've developed a tool that can give us that information."

Zhong and his team published their findings in the Feb. issue of Current
Biology.
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Existing methods to study RNA-DNA interactions are only capable of
analyzing one RNA molecule at a time, making it impossible to analyze
an entire set of RNA-DNA interactions involving hundreds of RNA
molecules.

"It could take years to analyze all these interactions," said Tri Nguyen, a
bioengineering Ph.D. student at UC San Diego and a co-first author of
the study.

Using MARGI, an entire set of RNA-DNA interactions could be
analyzed in a single experiment that takes one to two weeks.

The MARGI technique starts out with a mixture containing DNA that's
been cut into short pieces and RNA. In this mixture, a subset of RNA
molecules are interacting with particular DNA pieces. A specially
designed linker is then added to connect the interacting RNA-DNA
pairs. Linked RNA-DNA pairs are selectively fished out, then converted
into chimeric sequences that can all be read at once using high-
throughput sequencing.

Zhong and his team tested the method's accuracy by seeing if it
produced false positive results. First, the researchers mixed RNA and
DNA from both fruit fly and human cells, creating both "true" RNA-
DNA pairs, meaning they're either fully human or fully fruit fly, and
"false" RNA-DNA pairs, meaning they're half human and half fruit
fly—these are the ones that shouldn't be detected. The team then
screened the entire mixture using MARGI. The method detected a large
set of true RNA-DNA interactions, but it also detected approximately 2
percent of the false ones.

"This method is not perfect, but it's an important step toward creating a
full functional annotation of the genome," said co-first author Bharat
Sridhar, a visiting bioengineering researcher in Zhong's group.
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More information: Bharat Sridhar et al, Systematic Mapping of RNA-
Chromatin Interactions In Vivo, Current Biology (2017). DOI:
10.1016/3.cub.2017.01.011
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