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CRISPR

Deltcheva E*, Chylinski K* Sharma CM*, Gonzales K, Chao Y, Pirzada ZA , Eckert MR, Vogel ], Charpentier E (2011) Nature
Jinek M, Chylinski K, Fontara I, Hauer M, Doudna JA, Charpentier E (2012) Science
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CRISPR
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Gene Disruption & Replacement

CRISPR
enzyme

Guide RNA

Genome GG

Recognition sequence

Mali P* Yang L* Esvelt KM, Aach |, Guell M, DiCarlo JE, Norville JE, Church GM (2013) Science
Cong L,Ran FA, Cox D, Lin S, Barretto R, Habib N, Hsu PD, Wu X, Jiang W, Marraffini L, Zhang F (2013) Science
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Gene Disruption & Replacement
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Base Editing
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Gaudelli NM,Komor AC,Rees HA, Packer MS, Badran AH, Bryson DL, Liu DR (2017) Nature
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What About Future Generations?
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Editing Embryos: Unacceptable in Humans

Mosaic mice

Different edits in different cells = cannot sequence-confirm genome before implantation
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Yen,Zhang,Deng, Usman, Smith, Parker-Thornburg, Swinton, Martin, & Behringer (2014) Dev. Biol.



Technologies to Watch: Delivery & Differentiation

Edit male germ cells Edit sperm or eggs Turn cells Into sperm or eggs
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Editing Ecosystems
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Ecological: Gene Drive

A gene drive Is:

a vertically transmitted genetic element
that reliably Increases in frequency

even If it does not help the organism reproduce

Gene drives are ubiguitous In nature, but could not be reliably harnessed pre-CRISPR
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Self-Propagating Gene Drive
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CRISPR/Cas9
+

Desired Change
+

Guide RNA

Genome

Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eL ife
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Self-Propagating Gene Drive
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Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eL ife
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Self-Propagating Gene Drive

Cas9
CRISPR/Cas9
+
Desired Change
+
Guide RNA
Guide

Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eL ife

Editing Genomes Wisely
K. Esvelt



Self-Propagating Gene Drive
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Self-Propagating Gene Drive

Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eL ife
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Self-Propagating Gene Drive
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Requires exclusive sexual reproduction

Speed depends on gene flow and generation time
Can alter or suppress populations

Changes can be overwritten

Accessibility limited by the difficulty of delivering DNA
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Two Kinds of Gene Drive
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May affect every population of
the target species
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Noble C,Adlam B, Church GM, Esvelt KM, Nowak M (2018) eLife

Every community can decide
without affecting others
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Ecotechnology Development = Civic Governance

People who aren’t informed of experiments are denied a voice
IN decisions Intended to affect them - and cannot opt out

Editing Genomes Wisely
Esvelt KM (2016) Nature K Esvelt

Esvelt KM (2017) Science



Ecotechnology Development = Civic Governance

Article 21

Everyone has the right to take part in the government of their country

The will of the people shall be the basis of the authority of government
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Concerning RNA-guided gene
drives for the alteration of
wild populations

KEVIN M ESVELT*, ANDREA L SMIDLER, FLAMINIA CATTERUCCIA* AND
GEORGE M CHURCH*
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Regulating gene drives

Regulatory gaps must be filled before gene drives could be

used in the wild

By Kenneth A. Oye,»?*{ Kevin Esvelt,*
Evan Appleton,* Flaminia Catteruccia,>®
George Church,? Todd Kuiken,” Shlomiya
Bar-Yam Lightfoot,2 Julie McNamara,2
Andrea Smidler,’® and James P. Collins®

cannot be used to engineer populations of
viruses or bacteria. Second, a newly released
drive will typically take dozens of genera-
tions to affect a substantial proportion of a
target population, unless drive-containing
organisms are released in numbers consti-
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We pre-register all of our gene drive experiments
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New Results

Daisy-chain gene drives for the alteration of local populations

Charleston Noble, John Min, Jason Olejarz, Joanna Buchthal, Alejandro Chavez,

Andrea L Smidler, Erika A DeBenedictis, George M Church, Martin A Nowak,
doi: https://doi.org/10.1101/057307

This article is a preprint and has not been peer-reviewed [what does this mean?].

Cold . .
Spring
Harbor b l o R lV
Laboratory
beta
THE PREPRINT SERVER FOR BIOLOGY

New Results
Daisy quorum drives for the genetic restoration of wild populations

John Min, ©&' Charleston Noble, ©=' Devora Najjar, = Kevin Esvelt
doi: https://doi.org/10.1101/115618

This article is a preprint and has not been peer-reviewed [what does this mean?].

Caold 9 [ ]
% Spring b l O R lV
Harbor
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New Resulis

Daisyfield gene drive systems harness repeated genomic elements as a
generational clock to limit spread

John Min, @2 Charleston Noble, & Devora Najjar, & Kevin M Esveilt
dol: https://doi.org/10.1101/104877

This article is a preprint and has not been peer-reviewed [what does this mean?].
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Sculpting Evolution - Ecological Engineering Grant Proposals

Burroughs Wellcome IRSA grant (funded June 2016): full proposal

USDA BRAG grant (denied July 2016): summary full proposal

NSF CAREER 2016 (highest rating but denied Nov 2016): full proposal

Greenwall Foundation Making a Difference grant (funded Nov 2016): full proposal

Kevin M Esvelt

NIH DP2 New Innovator (funded Sep 2017): summary full proposal

DoD Tick-Borne Disease Research Program (funded Sep 2017): lay abstract tech abstract full proposal (does NOT involve gene drive)

DARPA Safe Genes (funded Sep 2017): summary of research statement of work

NSF CAREER 2017 (pending): full proposal

Precaution: Open gene | o | | |
drive research Gene editing can drive science to

Openness and collective oversight would 0 pe n n ess

reduce the risk of an accident involving

gene drive, and may mitigate the backlash _
from such a disaster, while accelerating— The fast-moving field of gene-drive research provides an opportunity to

ok I pocing-=Clscovery, JOurmats, {ancars rewrite the rules of the science, says Kevin Esvelt.
policy-makers, and holders of intellectual

property should work to ensure that all
gene drive research is open from the pro- 08 June 2016
posal stage onward.

Kevin M. Esvelt

MIT Media Lab. Massachusetts Institute of
Technology, Cambridge, MA 02139, USA.
Email: esvelt@mit.edu
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Gene Drives on the Horizon

Advancing Science, Navigating Uncertainty,
and Aligning Research with Public Values

“The best course of action is to ensure that those
who would be affected by a proposed project or policy
have an opportunity to have a voice In decisions about it.”

- U.S. National Academies report on gene drive

The Natinal Acadewies of
SCIENCES *ENGINEERING * MEDICINI

But it will not happen unless we change scientific incentives:

IP-holders, journals, funders, policymakers

: Editing Genomes Wisel
I mgdia “Gene Drives on the Horizon” U.S. National Academies, 2016 9 y
lab Esvelt KM (2016) Nature K. Esvelt
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Local, Open, Responsive Science

Address problems obvious to all
Openly share proposals before experiments begin
Actively Iinvite concerns & community guidance

Arrange for independent assessment
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It Is HARD to alter an entire population

It Is HARD to suppress a population

It Is EASY to temporarily alter part of a population

Editing Genomes Wisely
K. Esvelt



L

mit _
media
lab

CRISPR gene drive IS a one-to-many technoloqgy

* Accessible: requires CRISPR transgenesis in sexual organism
» Self-replicating: capable of spread in the shared environment

* Unilateral: one individual can In principle release it on their own

However, It Is unlikely to be physically dangerous

Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) el ife
Oye K, Esvelt K etal. (2014) Science
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. Takes Generations to Spread
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100-fold increase = 10+ generations under ideal conditions

1,000-fold increase = 15+ generations
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Obvious (If you look): Sequencing

Eukaryotic expression signal + CRISPR element
should never occur in nature

y mit _
I media
lab Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) el ife
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Reliably Countered: Overwriting Drives

Unwanted Immunizing IR Overtakes IR Fixes

Drive System Reversal Unwanted
Drive System

This should be able to restore the original phenotype, but not the genotype (yet)
Ecological changes may not be reversible
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Anything slow, obvious, and easily blocked is not a major threat
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The primary risk Is to public perception of science & governance

Time required to spread Is not relevant to social outcomes

Economic issues / trade barriers pose major security challenges
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