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Shortening guide RNA markedly improves
specificity of CRISPR-Cas nucleases

January 26 2014

A simple adjustment to a powerful gene-editing tool may be able to
improve its specificity. In a report receiving advance online publication
in Nature Biotechnology, Massachusetts General Hospital (MGH)
investigators describe how adjusting the length of the the guide RNA
(gRNA) component of the synthetic enzymes called CRISPR-Cas RNA-
guided nucleases (RGNs) can substantially reduce the occurrence of
DNA mutations at sites other than the intended target, a limitation the
team had previously described just last year.

"Simply by shortening the length of the gRNA targeting region, we saw
reductions in the frequencies of unwanted mutations at all of the
previously known off-target sites we examined," says J. Keith Joung,
MD, PhD, associate chief for Research in the MGH Department of
Pathology and senior author of the report. "Some sites showed decreases
in mutation frequency of 5,000-fold or more, compared with full length
gRNAs, and importantly these truncated gRNAs - which we call tru-
gRNAs - are just as efficient as full-length gRNAs at reaching their
intended target DNA segments."

CRISPR-Cas RGNs combine a gene-cutting enzyme called Cas9 with a
short RNA segment and are used to induce breaks in a complementary
DNA segment in order to introduce genetic changes. Last year Joung's
team reported finding that, in human cells, CRISPR-Cas RGNs could
also cause mutations in DNA sequences with differences of up to five
nucleotides from the target, which could seriously limit the proteins'
clinical usefulness. The team followed up those findings by investigating
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a hypothesis that could seem counterintuitive, that shortening the gRNA
segment might reduce off-target mutations.

"Some of our experiments from last year suggested that one could
mismatch a few nucleotides at one end of the gRNA complementarity
region without affecting the targeting activity," Joung explains. "That led
us to wonder whether removing these nucleotides could make the system
more sensitive to mismatches in the remaining sequence."

Based on a natural system a species of bacteria uses against other
pathogens, the CRISPR-Cas RGNs most widely used by researchers
includes a 20-nucleotide targeting region within the gRNA. To test their
theory, the MGH team constructed RGNs with progressively shorter
gRNAs and found that, while gRNAs with targeting segments of 17 or
18 nucleotides were as or more efficient than full-length gRNAs in
reaching their targets, those with 15- or 16-nucleotide targeting segments
had reduced or no targeting activity. Subsequent experiments found that
17-nucleotide truncated RGN efficiently induced the desired mutations
in human cells with greatly reduced or undetectable off-target effects,
even at sites with only one or two mismatches.

"While we don't fully understand the mechanism by which tru-gRNAs
reduce off-target effects, our hypothesis is that the original system might
have more energy than it needs, enabling it to cleave even imperfectly
matched sites," says Joung, who is an associate professor of Pathology at
Harvard Medical School. "By shortening the gRNA, we may reduce the
energy to a level just sufficient for on-target activity, making the
nuclease less able to cleave off-target sites. But more work is needed to
define exactly why tru-gRNAs have reduced off-target effects."

More information: Improving CRISPR-Cas nuclease specificity using
truncated guide RNAs, DOI: 10.1038/nbt.2808
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