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NOW SPEAKING:

Stas Burgiel
Assistant Director for Prevention and Budgetary Coordination,
National Invasive Species Council (NISC)

Stas Burgiel serves as the NISC policy lead on issues related to preventing the introduction and spread of invasive
species with a focus on the pathways for their movement. He coordinates a prevention committee convened jointly
with the Aquatic Nuisance Species Task Force and also oversees the collation of information on NISC member
agency budgets related to invasive species issues. Key areas of interest and activity include the role of trade
agreements, links to climate change and multi-level stakeholder coordination.

Stas received his Ph.D. in international service from the American University and a B.A. in political science from
Swarthmore College. He has worked and consulted for a range of nongovernmental, governmental and
intergovernmental organizations, including the Global Invasive Species Programme, the Nature Conservancy, the
UNEP/World Conservation Monitoring Centre and the New Zealand government, on invasive species and other
environmental policy issues.
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INTRODUCING:
Karl Campbell

Project Director, Island Conservation, Galapagos

Karl Campbell is a Project Director for Island Conservation in the Galapagos. Mr. Campbell has a Ph.D. from the
University of Queensland, Australia. As part of his doctoral work, he developed advanced Judas goat methods
involving sterilization, pregnancy termination and hormone therapy, which he applied to increase the effectiveness
of Judas goats in large scale campaigns he was managing in the Galapagos Islands. Mr. Campbell has worked for 17
years on some of the world’s largest and most complex eradication campaigns of invasive mammals, preventing
the extinction of hundreds of species. His role typically involves identifying sites and partners, detailing a strategy,
plan and budget, fundraising, managing field operations and refining strategies as required. In projects he’s been
involved with, new techniques or refinements to existing techniques have been made in aerial hunting, dog
training, toxic baiting, trapping, Judas animals, detection probability tools, and the use of GPS, GIS and digital data
collection and management technologies. Scalability and cost effectiveness are two key philosophies that he takes
to each project. In 2011, Mr. Campbell initiated Island Conservation’s Innovation Program and chairs the committee
that oversees this initiative. He has worked on restoration projects in over a dozen countries and has published
over 50 scientific and popular articles.




Genetic Biocontrol of
Invasive Rodents Program


http://www.aphis.usda.gov/wps/portal/aphis/home/
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|AV Eradications

One of the most
effective ways to:

Protect [IUCN Red
List Species



1100 successful eradications to date...

http://diise.islandconservation.org/



Assessing the global need...

...2000 islands, 1100 species

http://tib.islandconservation.org
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ISLAND CONSERVATION

to prevent extinctions by
removing invasive species from islands



Pinzon Giant Tortoise



Current methods

Reliant on application to every rodent territory
Not species specific

Humane issues

Inhabited islands

Perception of poisons



Limitations of today’s methods

Mice Black rat

GTIB species impacted 955 638



Innovation Strategy

Identify point of greatest impact
— Invasive rodents

Match technology to the need
— Horizon scanning

Select investment targets
— Incremental
— Transformative

How might we catalyze?



Opportunity

* No pesticides or killing
* Humane and target specific

* Big picture
— Reduce risks
— Increase impact



Genetic Biocontrol of Invasive Rodents Program

* Prevent extinctions on islands
* Agriculture, food security
e Human health



Why might this work?

Isle of May, Orkney

57 ha
Population ~1000 house mice

Released 42 male & 35 female
mice from Eday Island

After 18 months, all mice
trapped were hybrids (n=70)

Males were disproportionately
responsible for ‘invasion’

Leverage biology
and promiscuity

Berry et al. 1991; Jones et al. 1995; Scriven 1992



Technical approach - Start with mice

 Model vertebrate for genetics
* Possess a short generation-time

* Are small and husbandry is
straight-forward

* |nvasive and non-native in many
countries



Technical approach — Staged

At proof-of-concept

* Sryis master ‘switch’ for sex
determination in most mammals

* Sexreversal possible through
translocating 10kb Sry fragment

 Match with gene drive
— T-complex
— CRISPR-Cas
e All male population dies out

Koopman et al. 2001; Kashimada & Koopman 2010



Approach

Interested in pro-actively and
transparently identifying any potential
risks

Precedents and lessons learned

Partnership with policy makers and
regulators

We're yet to identify any deal-breakers



Opportunity

* No pesticides or killing
* Humane and target specific

* Big picture
— Reduce risks
— Increase impact
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INTRODUCING:
Fred Gould

Professor, Department of Entomology, North Carolina State University
Co-director, Genetic Engineering and Society Center

Fred Gould is a Distinguished University Professor in the Entomology Department of North Carolina State University
and Co-director of the Genetic Engineering and Society Center. In the past, Dr. Gould has assisted in the
development and deployment of insecticidal transgenic crops in ways that suppress the evolution of pest
resistance, among other subjects. He is now focused on the potential for engineering insect pests to suppress
disease and crop loss, and to protect endangered species. Dr. Gould has served on a number of US National
Research Council and EPA committees addressing regulation of genetic technologies in agriculture. Dr. Gould has
received the Alexander von Humboldt award for most significant agricultural research over a five-year period, the
Sigma Xi George Bugliarello Prize for written communication of science, and the O. Max Gardner Award for the
University of North Carolina faculty member with the greatest contribution to human welfare. He was elected to
the US National Academy of Sciences in 2011 and serves on the National Research Council Board on Agriculture
and Natural Resources. Mr. Gould graduated from Queens College in New York City in 1971 with a BS in Biology and
from the State University of New York at Stony Brook in 1977 with a PhD in Ecology and Evolutionary Biology.




Can Genetically Engineered Pests

Save Biodiversity?

Fred Gould
NCSU
Genetic Engineering
& Society Center




Two General Approaches
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Suppression
or
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1992 World Food Prize




The sterile insect release technique

Dead
or Sterile
offspring




9:1 sterile male release

dead or
sterile
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Some Initial Successes:
Screwworm Fly



1960°’s — 1980’s




1.5 Billion/year

CSIRO map



USDA-Panama

Screwworm
per week

Facility




1.5 Billion/year

CSIRO map



Can We Improve Efficiency
and Guard Against
Environmental Impacts?



9:1 sterile male release

dead or
sterile




Can We Improve Efficiency?

90%

suppression About 100X

improvement



Two General Approaches

Suppression Strain
or Replacement

Local Eradication



Strain
Replacement
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Replacement
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Transgenic Pests

Normal GFP-transgene
Dengue---Flaviviridae; Flavivirus;

Aedes aegyptl vy Assander Fran









Suppression
or
Local Eradication

Strain
Replacement

1) Sterile insect approach | 1) Translocations
2) Interspecific underdominance



Suppression
or
Local Eradication

1) Conditional Lethality

2) Female Killing Systems
3) Sex Ratio Alteration

4) Medea elements

5) Homing Endonucleases
6) CRISPRs

Strain
Replacement

1) Meiotic Drive

2) Engineered Underdominance
3) Transposons

4) Wolbachia

5) Medea elements

6) Killer-Rescue

7) Homing Endonucleases

8) CRISPRs
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CRISPR/Cas9




CRISPR/Cas9




CRISPR/Cas9




Non-Homologous End-Joining (NHEJ)



Non-Homologous End-Joining (NHEJ) Homology-Directed Repair (HDR)









Homologue #1



Homologue #1
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Homologue #2

Homologue #1



Homologue #2
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Mendelian Inheritance

¥ ¥



Male Female
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Male Female
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What are good and
Not so good
Targets for
Genetic Pest Management?



http://longnow.org/revive/about-the-workshop-sb/

April
2015



Esvelt et al. 2014






Chytrid Fungus

O






Plasmodium relictum

HAWAIIAN
ISLANDS

Molokai

Hawaii

Culex quinquefasciatus
Hawaiian Honeycreepers Southern house mosquito

Also transmits
West Nile
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Preventing Extinctions







African
Trypanosomiasis

Tsetse fly
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Scotch broom, Cytisus scoparius
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Scotch broom, Cytisus scoparius
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Morning glory



Genetic Engineering and Society:
The case of transgenic pests
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INTRODUCING:
Dr. Todd Kuiken

Senior Program Associate, Science and Technology Innovation Program,
Woodrow Wilson International Center for Scholars

Dr. Todd Kuiken is the principal investigator on the Wilson Center’s Synthetic Biology Project, where he has
numerous projects evaluating and designing new research and governance strategies to proactively address the
biosafety, biosecurity and environmental risks associated with synthetic biology and bridge the gaps between
scientific research, environmental protection, conservation and public policy. He is collaborating with DIYbio.org on
a project to ensure safety within the rapidly expanding community of amateur biologists and the growing network
of community laboratories. Dr. Kuiken was recently appointed to the United Nations Convention on Biological
Diversity Ad-Hoc Technical Expert Group and has provided expert testimony in front of the U.S. National Security
Agency Advisory Board, the U.S. National Academies of Science, the United Nations Bioweapons Convention, and
the Organization for Economic Co-operation and Development. He earned his B.S. in Environmental Management
and Technology at Rochester Institute of Technology a M.A. in Environmental and Resource Policy from The George
Washington University and his Ph.D. from Tennessee Tech University where his research focused on the air/surface
exchange of mercury associated with forest ecosystems.




CRISPR and Gene Drives: Using nature
as a bioweapon/solution?
THE SKY 15 FALLING/

THE SKY IS FALLING.

Todd Kuiken, Ph.D.
todd.kuiken@wilsoncenter.org
202-691-4398



Pace

New Actors



Published Online March 19 2015 ¢ Prev | Table of Contents | Next »

Vol. 348 no. 6233 pp. 442-444
DOl 10.1126/science.aaabf45

REPORT

The mutagenic chain reaction: A method for converting heterozygous to
homozygous mutations

Valentino M. Gantz-, Ethan Bier-

Section of Cell and Developmental Biology, University of California, San Diego, La Jolla, CA 92095, USA.
:*Gurrespunding author. E-mail: vgantz{atlucsd.edu (V.M.G.); ebier{atlucsd.edu (E.B.)

Generating homozygous mutations

| oss-of-function mutations may only produce a mutant phenotype when both copies of the gene are mutated. Gantz
and Bier developed a method they call mutagenic chain reaction (MCR) that autocatalytically produces homozygous
mutations. MCR uses the initial mutated allele to cause a mutation in the allele on the opposing chromosome and thus
the homozygosity of the trait. MCR. technology could have broad applications in diverse organisms.

Science, this issue p. 442

An organism with a single recessive loss-of-function allele will typically have a wild-type phenotype, whereas
individuals homozygous for two copies of the allele will display a mutant phenotype. We have developed a
method called the mutagenic chain reaction (MCR), which is based on the CRISPR/Cas9 genome-editing
system for generating autocatalytic mutations, to produce homozygous loss-of-function mutations. In
Drosophila, we found that MCR mutations efficiently spread from their chromosome of origin to the
homologous chromosome, thereby converting heterozygous mutations to homozygosity in the vast majority of
somatic and germline cells. MCR technology should have broad applications in diverse organisms.










Community Labs — Science is for EVERYONE












Gene Drives in the context of CBD

AHTEG met September 2015
SBSTTA meeting April 2016
COP/MOP December 2016
Other treaties (ENMOD)?












Dengue (Zika) Control



Oxitec Solution for Dengue (Zika)?

® Until 2009, no reports of Dengue since 1934
® 2009 — 22 people; 2010 — 66 cases in Florida

® 136 cases in Hawaii (as of Dec 4t)

® Aedes aegypti
® Feed mostly on humans

® Only females bite

® Key Haven Florida — 444 houses
® Petition — 149,000 signatures

® 1600 emails to mosquito control district



New poll on CRISPR (human)

* Which of the following statements best
describes your feelings about this new

technique for changing an organism’s
DNA?

— Total Positive Development — 20%

— Total Mixed both a positive and a negative
development — 62%

— Total Negative Development — 18%



Moratorium?

« Please indicate below to what degree you favor

or oppose temporarily stopping research using
these technigues on humans until ethical
guidelines and safety controls are in place.

— Total Favor — 45%

— Total Oppose — 12%
— Total Favor with Leaners — 72%

— Total Oppose with Leaners — 28%









Are our risk assessment frameworks
keeping pace?
Oxitec mosquito is at FDA/Oxitec moth is at

USDA

How will current risk assessments deal with
CRISPR kits?

Malaria/song birds...where does this fall?

Time frame of assessment versus immediate
threats to conservation and biodiversity?

How do we deal with biology moving (moving
risk)?
— Local to State to National to International?



New plans are possible?

Past models will take us only so far...may need new
ones; ones which include the public (indigenous
knowledge) in risk assessments

Risk assessment needs to incorporate ecological time
scales, both in terms of assessing risk but also risk of
inaction (in relation to CBD issues)

U.N. could establish an ecological risk research station
(ELA type reservation)?

Establish a coordinated research strategy that co-funds
ecological risk research (too avoid duplication and
recognizing limited research funds)

Recognize that traditional governance mechanisms may
not reach all the actors participating in the field



vig-i-lan-te
/, vijo'lan(t)é /

noun: vigilante; plural noun: vigilantes

a member of a self-appointed group of citizens who
undertake law enforcement in their community
without legal authority, typically because the legal
agencies are thought to be inadequate.
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Q & A Session

Questions for the panelists? Submit via the “Questions” box or raise your
hand by clicking on the hand icon.

Please visit the event page (http://tinyurl.com/eligeneediting) for
background materials and resources.
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Thank you for joining!

Please visit the event page (http://tinyurl.com/eligeneediting) for
background materials and resources.
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