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Genome
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Jin ek M , Ch y lin sk i K, Fon fa ra I, H a u er M , Dou d n a JA , Ch a rp en tier E  (2012) S c ien c e

Deltch ev a E*, Ch y lin sk i K*, Sh a rm a  CM *, Gon z a les  K , Ch a o Y, P irz a d a ZA , Eck ert M R, V og el J, Ch a rp en tier E  (2011) N atu r e
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Guide RNA
CRISPR 

enzyme

Gene Disruption & Replacement

Genome

Recognition sequence

Con g  L , Ra n  FA , Cox D, L in  S , Ba rretto R, H a b ib  N , H su  PD, Wu  X, Jia n g  W, M a rra ffin i L , Zh a n g  F  (2013) S c ien c e

M a li P*, Ya n g  L*, Esv elt KM , A a ch J, Gu ell M , DiCa rlo JE, N orv ille JE, Ch u rch  GM  (2013) S c ien c e
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Gene Disruption & Replacement

Con g  L , Ra n  FA , Cox D, L in  S , Ba rretto R, H a b ib  N , H su  PD, Wu  X, Jia n g  W, M a rra ffin i L , Zh a n g  F  (2013) S c ien c e

M a li P*, Ya n g  L*, Esv elt KM , A a ch J, Gu ell M , DiCa rlo JE, N orv ille JE, Ch u rch  GM  (2013) S c ien c e
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Base Editing

Ga u d elli N M , Kom or A C, Rees  H A , Pa ck er M S, Ba d ra n A H , Bry son  DL, L iu  DR (2017) N atu r e

G/C A/T

C/GT/A

Kom or A C, K im  YB, Pa ck er M S, Zu ris JA , L iu  DR (2016) N atu r e
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What About Future Generations?
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Editing Embryos: Unacceptable in Humans

Yen , Zh a n g , Den g , Usm a n , Sm ith , Pa rk er-Th orn bu rg , Sw in ton , M a rtin , &  Beh rin g er (2014) D ev . B iol.

Different edits in different cells = cannot sequence-confirm genome before implantation

Mosaic mice
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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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a vertically transmitted genetic element

that reliably increases in frequency

even if it does not help the organism reproduce

A gene drive is:

Ecological: Gene Drive

Gene drives are ubiquitous in nature, but could not be reliably harnessed pre-CRISPR
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Self-Propagating Gene Drive
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+ 

Desired Change

+

Guide RNA

Esv elt KM , Sm id ler A L, Ca tteru ccia F, Ch u rch  GM  (2014) eL ife
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Esv elt KM , Sm id ler A L, Ca tteru ccia F, Ch u rch  GM  (2014) eL ife

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

May affect every population of 

the target species

Every community can decide 

without affecting others
N oble C, A d la m B, Ch u rch  GM , Esv elt KM , N ow a k  M  (2018) eL ife
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People who aren’t informed of experiments are denied a voice

in decisions intended to affect them - and cannot opt out

Esv elt KM  (2016) N atu r e
Esv elt KM  (2017) S c ien c e

Ecotechnology Development = Civic Governance
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Ecotechnology Development = Civic Governance

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

Article 21
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We pre-register all of our gene drive experiments

Esv elt KM  (2016) N atu r e
Esv elt KM  (2017) S c ien c e
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“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

“ Gen e Driv es  on  th e H oriz on ”  U.S . N a tion a l A ca d em ies , 2016

Esv elt KM  (2016) N atu r e

IP-holders, journals, funders, policymakers 

But it will not happen unless we change scientific incentives:
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Local, Open, Responsive Science

• Address problems obvious to all

• Openly share proposals before experiments begin

• Actively invite concerns & community guidance

• Arrange for independent assessment
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www.sculptingevolution.org
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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
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CRISPR gene drive is a one-to-many technology

• 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

Esv elt KM , Sm id ler A L, Ca tteru ccia F, Ch u rch  GM  (2014) eL ife
Oy e K, Esv elt K  et a l. (2014) S c ien c e

However, it is unlikely to be physically dangerous
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Slow: Takes Generations to Spread

1,000-fold increase = 15+ generations

100-fold increase = 10+ generations under ideal conditions 
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Obvious (if you look): Sequencing

Eukaryotic expression signal + CRISPR element 
should never occur in nature

Esv elt KM , Sm id ler A L, Ca tteru ccia F, Ch u rch  GM  (2014) eL ife
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Reliably Countered: Overwriting Drives

This should be able to restore the original phenotype, but not the genotype (yet)

Ecological changes may not be reversible

Esv elt KM , Sm id ler A L, Ca tteru ccia F, Ch u rch  GM  (2014) eL ife
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Anything slow, obvious, and easily blocked is not a major threat
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Time required to spread is not relevant to social outcomes

The primary risk is to public perception of science & governance

Economic issues / trade barriers pose major security challenges


