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NWRC Mission: is to apply scientific expertise to resolve human-wildlife conflicts while
maintaining the quality of the environment shared with wildlife.

* Need tools for detection, monitoring, and control of cryptic and/or elusive species and
pathogens

* Apply genetic methods to these issues

» Strong background in non-invasive genetic applications
 Forensics
» Mark-recapture
* eDNA

 Genomics

» Synthetic biology
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Safeguarding gene drive experiments in the laboratory

o Omar S. Akbari'Z, Hugo J. Bellen®*, Ethan Bier™", Simon L. Bullock®, Austin Burt’, George M. Church®®, Kevin R. Cook'?,
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Harrison'®, Keith R. Hayes'®, Anthony A. James'’, Thomas C. Kaufman'?, Juergen Knoblich"', Harmit S. Malik'%'?, Kathy A.

o Matthews'?, Kate M. 0'Connor-Giles'*2°, Annette L. Parks'?, Norbert Perrimon®2, Fillip Port%, Steven Russell’, Ryu
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TYPE STRINGENT CONFINEMENT STRATEGY

Potentially stringent confinement strategies for gene drive research
Multiple stringent confinement strategies should be used whenever possible.

EXAMPLES

Molecular Separate components required for
genetic drive
Target synthetic sequences absent from
wild organisms

Ecological Perform experiments outside the
habitable range of the organism
Perform experiments in areas without
potential wild mates

Reproductive  Use a laboratory strain that cannot
reproduce with wild organisms

the environment
*Remove barriers only when

organisms are inactive
*Impose environmental constraints
*Take precautions to minimize breaches
due to human error

Potentially stringent confinement strategies for gene drive research
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Barrier Physical barriers between organisms and  Triply nested containers, >3 doors (6)

Multiple stringent confinement strategies should be used whenever possible.

sgRNA and Cas9 in separate loci (8)

Drive targets a sequence unique to

laboratory organisms (3,4.8)

Anopheles mosquitoes in Boston

Anopheles mosquitoes in Los Angeles

Drosophila with compound autosomes*

Anesthetize before opening (6)

Low-temperature room, air-blast fans
Keep careful records of organisms, one
investigator performs all experiments (6)

Qo science
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OVERLINE

Core commitments for field
trials of gene drive organisms

If followed, they will promote responsible conduct.

By Kanya C. Long’#, Luke Alphey?, George J. Annas?, Cinnamon 5. Bloss%, Karl ). Campbells, Jack Chi 1§, Chun-Hong Chen?, Amit Choudhary®2.19, George
M. Church, James P. Collins?, Kimberly L. Cooper?, Jason A. Delborne®3, Owain R Edwards®*, Claudia I. Emerson?s, Kevin Esvelt’s, Sam Weiss Evans??, Robert
M. Friedman?#, Valentino M. Gantz?, Fred Gould'®, Sarah Hartley?, Elizabeth Heitman??, Janet Hemingway??, Hirotaka Kanuka®?, Jennifer Kuzma?*, lJames V.
Lavery?s,Yoosook Lee®, Marce Lorenzen®, Jeantine E. Lunshof!.28, John M. Marshalls, Philipp W. Messers, Craig Montell*®, Kenneth A. Oye®!, Megan J.
Palmer??, Philippos Aris Papathanos®, Prasad M. Paradkar®, Antoinette ). Piaggio®, Jason L. Rasgon®, Gordana Ra3ic¥, Larisa Rudenko?2, 1. Royden Saahs,

Maxwell 1. Scott?, Allison A. Snow?®, Jolene T. Sutton*, Adam E. Vorsino®!, Omar 5. Akbari'*

Gene drive organisms (GDOs), whose ge-
nomes have been genetically engineered to
spread a desired genetic trait through a pop-
ulation, have the potential to transform the
way societies address a wide range of daunt-
ing public health and environmental chal-
lenges. Development, testing, and implemen-
tation of GDOs, however, is complex and
often controversial. A key challenge is to clar-
ify the appropriate roles of developers and
others actively engaged in work with GDOs

dengue, Chikungunya, and Zika viruses),
Anopheles spp. (major vectors of malaria par-
asites), or white-footed mice (carriers of the
Lyme disease bacterium). GDOs for suppres-
sion of pest populations could also contrib-
ute greatly to biodiversity conservation, agri-
cultural productivity, and human and animal
well-being.

The core commitments presented here
are intended to address field trials of either
non-localized GDOs in ecologically isolated

FAIR PARTNERSHIP AND
TRANSPARENCY

Engage stakeholders for trial
design and accountability

REGULATORY EVALUATION
AND RISK/BENEFIT
ASSESSMENT

Work with regulators to prepare
for ethical and regulatory review

CORE
COMMITMENTS
FOR FIELD TRIALS
OF GENE DRIVE
ORGANISMS

PRODUCT EFFICACY
AND SAFETY

Agree on acceptable
performance parameters

MONITORING
AND MITIGATION

Partner with experts and
stakeholders in planning
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1) Careful site selection of islands (e.g., size, isolation, traffic, no human habitation) is critical first step
(biocontainment)

2) Targeting spatial limitation of gene drive through exploitation of locally-fixed alleles

Objective

Population genetic theory would predict that island populations would have lower genetic diversity, higher
differentiation (founder effect and genetic drift), and fixation of some alleles —use population genomics to
explore locally-fixed alleles (frequency, genomic location, off-target activity).

Approach
Sampled both invasive mouse island populations and potential “source” mainland populations. Pooled

whole-genome resequencing (‘pool-seq’) to identify population-specific locally fixed alleles with
CRISPR/Cas9 binding sites and conduct population genetic analyses.
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Locally Fixed Alleles: A method to localize gene drive to island populations

Jaye Sudweeks 2, Brandon Hollingsworth ®, Dimitri V. Blondel ¢, Karl J. Campbell ¢, Sumit Dhole ¢, John D.
Eisemann f, Owain Edwards &, John Godwin ", Gregg R. Howald ¢, Kevin Oh ¥, Antoinette J. Piaggio
Thomas A. A. Prowse /, Joshua V. Ross !, J. Royden Saah 9", Aaron B. Shiels f, Paul Thomas ¥, David W.
Threadgill!, Michael R. Vella ®, Fred Gould *" and Alun L. Lioyd *®”~
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USDA Reduced allelic diversity in remote isolated islands vs. ‘source’ populations

- United States Department of Agriculture
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Based on ~38 million autosomal single-nucleotide polymorphisms (SNPs)



WesternAustralia .5

« Measured using fixation index (Fg1)
« All island populations showed low to

moderate genetic

differentiation from putative source populations

« Elevated divergence in one pair of W. Australian

populations
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Based on ~38 million autosomal single-nucleotide polymorphisms (SNPs)



« Estimated admixture coefficients for 3 primary M. musculus subspecies
« Elevated divergence in NW Australia due to presence of M. m. castaneus
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USDA

= Scans for Locally-Fixed Alleles (Midway v. Oahu)

United States Department of Agriculture

No. SNPs
T All Island v. Source
32.8 million autosomal SNPs
* Putative Cas9 PAM binding sites (NGG)
* 19.6% had additional SNPs in protospacer 4.29 million Locally-fixed Island
* 69.5% overlapped with genes
frequency < 0.3 in
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« The characterization of population genetics of a target population is critical and
knowledge gap that takes years to fill and is key for minimizing risk of spread (e.g.,
subspecies, levels of genetic diversity, genetic connectivity).

* Further the lack of basic biology for our target systems, such as mouse breeding
ecology, which can vary per ecosystems a critical knowledge gap that also takes
years to fill

« Synthetic gene drives hold potential as a future alternative method for population
suppression of invasive rodents that can be targeted, humane, and low
environmental burden.



What steps have been taken to help ensure containment of future GE trials at
NWRC?

« Ship embyos and not live gene drive mice

A multi-tiered physical containment plan (Barrier): 1° (Arena), 2° (traps), 3° (room),

4° (bldg.), 5° (bait stations) with staff training, protocols, and campus biosecurity

plan

« Series of trials and mouse observations to demonstrate physical containment &
biosecurity

* Environmental Assessment (EA) solicit public comment for 60 days on GE trials,
risk, and our planned confinement strategies

Molecular containment via:

* Private alleles (Ft Collins Mus musculus will not be used)

« Additional molecular stops (target synthetic sequences, split drives, etc. )
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