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GENOME CENTER

New genetic screening platform using CRISPR technology for targeting thousands of
genes in a massively-parallel fashion

Accurate and fast method of finding best guides to detect, target, and knockdown specific RNA targets can be used
to probe dark matter of the human genome and RNA viruses like coronavirus and flu

NEW YORK, NY (March 16, 2020) — CRISPR-based genetic screens have helped scientists identify genes that are key
players in sickle-cell anemia, cancer immunotherapy, lung cancer metastasis, and many other diseases. However, these
genetic screens are limited in scope: They can only edit or target DNA. For many regions of the human genome, targeting
DNA may not be effective, and other organisms, such as RNA viruses like coronavirus or flu, cannot be targeted at all
with existing DNA-targeting CRISPR screens.

Now, in an important new resource for the scientific community published today in Nature Biotechnology, researchers in
the lab of Neville Sanjana, PhD, at the New York Genome Center and New York University have developed a new kind
of CRISPR screen technology to target RNA.

The researchers capitalized on a recently characterized CRISPR enzyme called Cas13 that targets RNA instead of DNA.
Using Cas13, they engineered an optimized platform for massively-parallel genetic screens at the RNA level in human
cells. This screening technology can be used to understand many aspects of RNA regulation and to identify the function of
non-coding RNAs, which are RNA molecules that are produced but do not code for proteins.

By targeting thousands of different sites in human RNA transcripts, the researchers developed a machine learning-based
predictive model to expedite identification of the most effective Cas13 guide RNAs. The new technology is available to
researchers through an interactive website and open-source toolbox to predict guide RNA efficiencies for custom RNA
targets and provides pre-designed guide RNAs for all human protein-coding genes.

“We anticipate that RNA-targeting Cas13 enzymes will have a large impact on molecular biology and medical
applications, yet little is known about guide RNA design for high targeting efficacy,” said Dr. Sanjana, senior author of
the study. “We set about to change that through an in-depth and systematic study to develop key principles and predictive
modeling for most effective guide design.”

Dr. Sanjana is a Core Faculty Member at the New York Genome Center, an Assistant Professor of Biology at New York
University, and an Assistant Professor of Neuroscience and Physiology at NYU School of Medicine.

Cas13 enzymes are Type VI CRISPR (clustered regularly interspaced short palindromic repeats) enzymes that have
recently been identified as programmable RNA-guided, RNA-targeting proteins with nuclease activity that allows for
target gene knockdown without altering the genome. This property makes Cas13 a potentially significant therapeutic for
influencing gene expression without permanently altering genome sequence.

“This is the kind of technology innovation that we foster and develop at the New York Genome Center. This latest
CRISPR technology from the Sanjana Lab has exciting implications to advance the fields of genomics and precision
medicine,” said Tom Maniatis, PhD, Evnin Family Scientific Director and Chief Executive Officer, New York Genome
Center.

Postdoctoral scientist Hans-Hermann Wessels and PhD student Alejandro Méndez-Mancilla, who are co-first authors of
the study, developed a suite of new Cas13-based tools and conducted a transcript tiling and permutation screen in
mammalian cells. In total, the researchers gathered information for more than 24,000 RNA-targeting guides.



“We tiled guide RNAs across many different transcripts, including several human genes where we could easily measure
transcript knock-down via antibody staining and flow cytometry,” said Dr. Wessels. “Along the way, we uncovered some
interesting biological insights that may expand the application of RNA-targeting Cas13 enzymes.” Among the team’s
findings, for example, are insights about which regions of the guide RNA are more important for recognition of a target
RNA. Using thousands of guide RNAs with 1, 2 or 3 single-letter mismatches to their target RNA, they identified a
critical “seed” region that is exquisitely sensitive to mismatches between the CRISPR guide and the target. This discovery
will aid scientists in designing guide RNAs to avoid off-target activity on unintended target RN As. Since a typical human
cell expresses approximately 100,000 RNAs, accurate targeting of Cas13 of only the intended target is vital for screening
and therapeutic applications.

In addition to furthering our understanding of Cas13 off-targets, the “seed” region could be used for next-generation
biosensors that can more precisely discriminate between closely related RNA species. In total, this study increases the
number of data points from previous Cas13 studies in mammalian cells by more than two orders of magnitude.

“We are particularly excited to use the optimized Cas13 screening system to target noncoding RNAs,” said fellow co-
first-author Méndez-Mancilla. “This greatly expands the CRISPR toolbox for forward genetic and transcriptomic
screens.” In the study, the researchers noticed a marked difference in protein knockdown when targeting different protein-
coding and non-coding elements of messenger RNAs, and found evidence that Cas13 competes with other RNA-binding
proteins involved in transcript processing and splicing.

The team recently leveraged their guide RNA predictive model for a particularly critical analysis: The COVID-19 public
health emergency is due to a coronavirus, which contains an RNA — not DNA — genome. Using the model derived from
their massively-parallel screens, the researchers have identified optimal guide RNAs that could be used for future
detection and therapeutic applications. Predictions for Cas13 guide RNAs for a strain of SARS-CoV-2 isolated in New

York have been made available online at: http://bit.ly/coronavirus-guides

Read more about the study at: https://www.nature.com/articles/s41587-020-0456-9. The web tool for predictive scoring of
Cas13 guide RNAs can be found at http://cas13design.nygenome.org. Other coauthors on the study include, Mateusz

Legut, PhD, and Zharko Daniloski, PhD, and NYU Biology PhD student Xinyi Guo.
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About the New York Genome Center

The New York Genome Center (NYGC) is an independent, nonprofit academic research institution focused on furthering
genomic research that leads to scientific advances and new insights and therapies for patients with neurodegenerative
disease, neuropsychiatric disease, and cancer. Leveraging our strengths in whole genome sequencing, genomic analysis,
and development of new genomic tools, the NYGC serves as a nexus for collaboration in disease-focused genomic
research for the New York medical and academic communities and beyond.

NYGC harnesses the expertise and builds on the combined strengths of our faculty, staff scientists, member institutions,
scientific working groups, affiliate members, and industry partners to advance genomic discovery. Central to our scientific
mission is an outstanding faculty who lead independent research labs based at the NYGC, and hold joint tenure-track
appointments with one of our member institutions.

Institutional founding members of the NYGC are: Cold Spring Harbor Laboratory, Columbia University, Albert Einstein
College of Medicine, The Jackson Laboratory, Memorial Sloan Kettering Cancer Center, Icahn School of Medicine at
Mount Sinai, New York-Presbyterian Hospital, New York University, Northwell Health, The Rockefeller University,
Stony Brook University, and Weill Cornell Medicine. Institutional associate members are: American Museum of Natural
History, Georgetown Lombardi Comprehensive Cancer Center, Hackensack Meridian Health, Hospital for Special
Surgery, The New York Stem Cell Foundation, Princeton University, and Roswell Park Cancer Institute.

For more information on the NYGC, please visit: http://www.nygenome.org.
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