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Lyme	Disease	Incidence,	2015
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Tick-borne	disease	is	an	ecological	problem

The	pathogens that	cause	tick-borne	disease	persist	by	moving
between	mice	and	ticks

White-footed	
mouse

Blacklegged	
tick

Borrelia
Babesia

Anaplasma
Ehrlichia
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Tick-borne	disease	is	an	ecological	problem

Ticks	pass	the	pathogens to	humans,	causing	disease

White-footed	
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Tick-borne	disease	is	an	ecological	problem

White-footed	
mouse

Blacklegged	
tick

Borrelia
Babesia
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Ehrlichia

What	if	white-footed	mice	could	not	become	infected?
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Mice	Against	Ticks
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How do you lastingly engineer a wild population (of white-footed mice)?

Release LOTS of engineered mice in spring
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People who aren’t informed of experiments are denied a voice
in decisions intended to affect them

Moral Challenges Posed By Ecotechnologies

Esvelt KM (2016) Nature
Esvelt KM (2017) Science
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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

Esvelt KM (2016) Nature
Esvelt KM (2017) Science
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Nantucket & Vineyard Community Meetings

~30 citizens on Nantucket (+ Board of Health)

~120 citizens on Martha’s Vineyard (+ health agents of 6 towns)

Community decisions:

• Research should begin immediately 

• Avoid introducing any non-mouse DNA

• Project should be community-governed
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Rules for Engineering Complex Systems

1. Make the smallest change that might solve the problem

2. Start local and scale up if warranted

Be humble!
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Two	types	of	antibodies	for	different	problems

Anti-Lyme	Antibody

Protects	mice	from	the	Lyme	
spirochete	only

Antibody	target:	OspA
an	outer	surface	protein	on	

Borrelia burgdorferi

Anti-tick	Antibody

Protects	mice	from	all
pathogens	carried	by	
black-legged	ticks

Antibody	target:	subolesin,
a	tick	salivary	protein

Communities: “Do everything!  But be sure to eliminate ticks”
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Preventing tick-borne disease by ecological vaccination

Earliest possible release on Nantucket/Vineyard = 2024

Steering Committees are meeting this winter to begin applying for regulatory approval
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But what about the mainland?
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Gene Drive

Genome

CRISPR/Cas9
+ 

Desired Change
+

Guide RNA

Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife
Oye K, Esvelt K et al. (2014) Science
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Guide

Cas9

Genome

CRISPR/Cas9
+ 

Desired Change
+

Guide RNA

Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife
Oye K, Esvelt K et al. (2014) Science

Gene Drive
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Genome

Guide

Cas9
CRISPR/Cas9

+ 
Desired Change

+
Guide RNA

Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife
Oye K, Esvelt K et al. (2014) Science

Gene Drive



CRISPR & Gene Drive
K. EsveltEsvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife

Oye K, Esvelt K et al. (2014) Science

Gene Drive



CRISPR & Gene Drive
K. EsveltEsvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife

Oye K, Esvelt K et al. (2014) Science

Gene Drive



CRISPR & Gene Drive
K. EsveltEsvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife

Oye K, Esvelt K et al. (2014) Science

Gene Drive



CRISPR & Gene Drive
K. Esvelt

CRISPR-based gene drive could save millions of human lives….
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… but faces major hurdles

Esvelt KM (2016) Nature

Should we be conducting gene drive experiments in secret?
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We pre-register all of our gene drive experiments
and make all grant proposals publicly avilable

Esvelt KM (2016) Nature
Esvelt KM (2017) Science
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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

“Gene Drives on the Horizon” U.S. National Academies, 2016
Esvelt KM (2016) Nature

We are working to change scientific incentives via IP, journals, funders, policy

But almost no one with leverage is doing anything to make it happen



CRISPR & Gene Drive
K. Esvelt

xkcd.com
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Another problem: invasiveness
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Noble C, Adlam B, Church GM, Esvelt KM, Nowak MA submitted

Weakest reported 
CRISPR gene 
drive system

(fruit fly)

# of organisms released

10 organisms = highly likely to invade

Charleston	Noble
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Noble C, Adlam B, Church GM, Esvelt KM, Nowak MA submitted
Charleston	Noble
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A single accident could be devastating for public trust

Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife
Oye K, Esvelt K et al. (2014) Science

DiCarlo*, Chavez*, Dietz, Esvelt^, Church^ (2015) Nature Biotechnology
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There is no such thing as a safe field trial

Every nation harboring the target species must agree in advance
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X
XXX

X

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

X
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CRISPR
+ 

Edited DNA
+

Guides

Daisy-Chain 
Drive

Noble C*, Min J*, Olejarz J, Buchthal J, Chavez A, Smidler AL, DeBenedictis EA, Church GM, Nowak M, 
Esvelt KM (2016) bioRxiv
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Daisy-Chain 
Drive
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Daisy-Chain 
Drive

Noble C*, Min J*, Olejarz J, Buchthal J, Chavez A, Smidler AL, DeBenedictis EA, Church GM, Nowak M, 
Esvelt KM (2016) bioRxiv
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Maximum
Frequency

# of Daisy Elements

Daisy-Chain 
Drive

Noble C*, Min J*, Olejarz J, Buchthal J, Chavez A, Smidler AL, DeBenedictis EA, Church GM, Nowak M, 
Esvelt KM (2016) bioRxiv
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Daisy-Chain Drive

Min J, Noble C, Najjar D, Esvelt KM (2017) bioRxiv

90% 
homing

98% 
homing

Parameters:		
- cargo	cost	10%
- cargo	resistance	lethal
- daisy	cost	1%	each
- daisy	resistance	neutral
- 1%	release

Release 1 daisy drive organism 
per 50 wild ones 

Release 1 daisy drive organism 
per 500 wild ones 

Charleston	Noble
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How do you stop gene flow across political boundaries?

Let the genes vote!
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Daisy Quorum

Min J, Noble C, Najjar D, Esvelt KM (2017) bioRxiv

John
Min

Devora
Najjar
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www.sculptingevolution.org
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Fitness landscape of the target gene without the drive

Noble C, Olejarz J, Church GM, Esvelt KM, Nowak MA (2016) bioRxiv

Evolutionary Stability
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Fitness landscape of the target gene with the drive

Noble C, Olejarz J, Church GM, Esvelt KM, Nowak MA (2016) bioRxiv
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Noble C, Olejarz J, Church GM, Esvelt KM, Nowak MA (2016) bioRxiv
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Fitness landscape of the target gene with the drive
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h

4-5	mutations	away

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

We	can	build	evolutionarily	stable	gene	drives	by	targeting	
multiple	sites…	

…	within	genes	that	are	important	for	fitness

Noble C, Olejarz J, Church GM, Esvelt KM, Nowak MA (2016) bioRxiv
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Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife
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Charleston	Noble

Modeling Multiplex Cutting and Gene Drive Spread

Noble C, Olejarz J, Church GM, Esvelt KM^, Nowak MA^ (20167 Science Advances

Assume	very	favorable	drive	parameters:	
- high	cutting	+	copying	rate	(95%)	
- low	drive	fitness	cost	(5%)
- low	cost	of	resistance	(1%)
- high	cost	of	target	gene	disruption	(lethal;	2/3	probability	if	copying	fails)
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Charleston	Noble

What Fraction of the Population is Affected?

Maximum	frequency	of	the	drive	system	in	the	population

Noble C, Olejarz J, Church GM, Esvelt KM^, Nowak MA^ (2017) Science Advances

John	Marshall/Omar	Akbari	and	coworkers	&	Paul	Thomas	and	coworkers
independently	obtained	similar	results	for	suppression	drive	systems

Marhsall et al.(2017) Sci. Reports
Prowse et al.(2017) Proc. Roy. Soc. B


