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THE BEAUTY AND MENACE OF THE JAPANESE CHERRY TREES

Philip Pauly
1950-2008

Figure 1. Japanese cherry trees in flames near Agriculture Department greenhouses on the
Washington Monument grounds, 28 January 1910. (Courtesy of the National Agricultural Library.)
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“The ‘natural garden’” movement has all but seized
control of official garden taste in this country. [lt] is
decreed that the ‘new American garden’ is henceforth a
place that ...grants citizenship exclusively to native plants
(any immigrant to be treated as ‘flora non grata’ with

‘invasive aliens’ subject to deportation).” — M Pollan,
1994



“Am | implying that natural gardening in America is a
crypto-Fascist movement? | hope not. | mention the
historical precedent partly to suggest that the ‘new
American garden’ is neither as new nor as American as
its proponents would have us think.” — M Pollan, 1994

“The German example also suggests we would do well to
beware of ideology in the garden masguerading as science.
It's hard to believe that there is nothing more than
scientific concern about invasive species behind the
current fashion for natural gardening and native plants in
America — not when our national politics are rife with
anxieties about immigration and isolationist sentiment.” — M
Pollan, 1994



Marris - GARDEN

S T

!

] g Nature, 2009
¥ Mark A. 'a‘"s The end of the invasion?

Invasion Biology foothold only by finding a vacant niche or by
by Mark A. Davis throwing out another species.

S a
n Va s l o n B I o I 0 Oxford University Press: 2009. 288 pp. $55 Niche theory gives rise to the diversity-
invasibility hypothesis, which posits that the
Ascension Island in the South Atlantic Ocean  more species there are in an ecosystem, the

is a good example of the changes that invasive  more niches will be filled and the harder it will
species can wreak. Its volcanic mountain tops  be for a new species to become established.
once hosted a monotonous carpet of ferns. But But the evidence does not bear this out.
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Invasion biology is a discipline that's too young to die

Petr Pyzek!l & Philip E. Hulme2

1. Institute of Botany, Academy of Sciences of the Czech Republic, Zamek 1, 252 43 Pri honice,
Czech Republic
Email: pysek@ibot.cas.cz

2. Bio-Protection Research Centre, PO Box 84, Lincoln University 7647, Canterbury, New Zealand

Mark Davis suggests in his book Invasion Biology that the discipline should be
reabsorbed into general community ecology, as Emma Marris reports in her
Review 'The end of the invasion?' (Nature 459, 327-328; 2009). In fact, invasion
biology has a much wider remit than the management of a few highly invasive
species. The comparison of alien and native species has contributed to a better
understanding of population dynamics, ecosystem function and species evolution.
The field still has much to teach us about biodiversity and ecological processes in
general, and its relevance to conservation policy is growing.




Another call for the end of invasion biology

Loic Valéry, Hervé Fritz and Jean-Claude Lefeuvre

L. Valéry (lvalery@mnbn.fr) and J.-C. Lefeuvre, Dépt d'Ecologie et de Gestion de la Biodiversité, Muséum National d Histoire Naturelle,
and URU Biodiversité et Gestion des Territoires, Univ. de Rennes 1, Bit 25 — Avenue du Général Leclerc, FR-35042 Rennes cedex, Fran
— H. Fritz, Laboratoire de Biométrie et Biologie Evolutive, Univ. Lyon 1; CNRS; UMR 5558, 43 boulevard du 11 Novembre 1918,
FR-69622 Villeurbanne, France.

A call for an end to calls for the end of invasion biology

Daniel Simberloff and Jean R. S. Vitule

D. Simberloff (dsimberloff@utk.edu), Depr of Ecology and Evolutionary Biology, Univ. of Tennessee, Knoxville, TN 37996, USA.
—J. R. 8. Vitule, Laboratdrio de Ecologia e Conservagdo, Depto de Engenharia Ambiental, Setor de Tecnologia, Univ. Federal do Parand,
81531, 980, Curitiba, Parand, Brazil
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Don’t judge species
on their origins

Conservationists should assess organisms on
environmental impact rather than on whether they ar
natives, argue Mark Davis and 18 other ecologists

verthe past few decades, ‘non-nat ive’

species have beenvilified for driving

beloved ‘native’ species to extinction
and generally polluting “‘natural’ environ-
ments. Intentionally or not, such characteri-
zations have helped to create a pervasive bias
against alien species that has been embraced
bythe public, conservationists, land manag-
ers and policy-makers, as well by as many
scientists, throughout the world.
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exaggerated claims of impending harm to
help convey the message that introduced
species are the enemies of rman and nature.
Certainly, some species introduced by
humans have driven extinctions and under-
mined important ecological services such as
clean water and timber resources. In Hawaii,
for instance, avian malaria — probably intro-
duced in the early 1900s when European
settlers brought in song and game birds —
has killed off more than half of the idands’
native bird species. Zebra mussels (Dreissena
polymorpha), originally nativeto the lakes of
southeast Russia and accidentally introduced
to North America in the late 1980s, havecost
the US power industry and water utilities
hundreds of millions (some s ™lions) of
dollarsin damage by clogging s,
But many of the daims Q
perception that introdus
apocalyptic threat to”’
backed by data. Take’
a 1998 paper* that
greatest threat v
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The Rise of Invasive
Species Denialism

James C. Russell’?@* and
Tim M. Blackburn®*@

Scientific consensus on the nega-
tive impacts of invasive alien spe-
cies (IAS) is increasingly being
challenged. Whereas informed
scepticism of impacts is important,
science denialism is counterpro-
ductive. Such denialism arises
when uncertainty on impacts is
confounded by differences in val-
ues. Debates on impacts must take
iInto account both the evidence
presented and motivations.

2017, Trends in Recent Ecology

VS.

and Evolution

Mark A. Davis'* and
Matthew K. Chew?

Russell and Blackburn’s [1] call to action
against ‘invasive species denialism’
appearstobeinvasion biology’s desperate
last stand. Invasion biologists’ insistence
that species introductions constitute a uni-
fied ecological crisis is losing support from
both the scientific community and the
informed public. It is being replaced by
a more equivocal notion of ecological
novelty, which can accommodate recog-
nizing and responding to a spectrum of
phenomena ranging from great good to
great harm, with a good deal of relative
insignificance in between.



Biol Invasions (2018) 20:549-553 2018
https://doi.org/10.1007/s10530-017-1561-7

INVASION NOTE

The exponential growth of invasive species denialism

Fig. 1 Annual number of published articles (journal papers,

Anthony R]CClal'dl * RaChaEI Ryan radio and video broadcasts, news and magazine articles, books)

that promote invasive species denialism—defined here as
ignoring or denying scientific facts and making claims that

16 7 have already been refuted in the peer-reviewed literature.
* Articles published between 1990 and 2016, inclusive, were
14 7 searched through Web of Science, Google Scholar, and Google

News archives using invasive species, non-native species, and
alien species as search terms. Exponential curve fitted by
nonlinear regression: y = V18210 where x is the number of
years since 1990 (R* = 0.745, P < 0.0001)

Number of articles

Essay

1990 1995 2000 2005 2010 2015
Year On allegations of invasive species denialism

David Munro,' Jamie Steer,” and Wayne Linklater 2/1,3:4#

'Centre for Biodiversity and Restoration Ecology, Victoria University of Wellington, P.O. Box 600, Wellington, 6140, New Zealand
“Biodiversity Department, Greater Wellington Regional Council, Wellington, New Zealand

*Department of Environmental Science, Policy and Management, University of California-Berkeley, CA, U.S.A.

Centre for African Conservation Ecology, Nelson Mandela University, Port Elizabeth, South Africa



1) How many introduced species are harmful?
a) Most have not been studied
b) Lag effect (‘invasion debt”)

c) Subtle effects not quickly evident



1) How many introduced species are harmful?

2) (Some) introduced species are good!
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The Potential Conservation Value of Non-Native

Species

2012
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email mschlaepfer@esf.edu

TINRA, Ecologie et Santé des Ecosystémes, 35042 Rennes, France
$Department of Ecology and Evolutionary Biology, 80 Waterman Street, Brown University, Providence, R1 02912, U.S.A.
§School of Aquatic and Fishery Sciences, University of Washington, Box 355020, Seattle, WA 98195, U.S.A.

VS.

Conservation Biology o

Comment
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PLOS BIOLOGY 2018

f OPEN ACCESS

PERSPECTIVE

Do non-native species contribute to biodiversity?

Martin A. Schlaepfer

Published: April 17, 2018 « https://doi.org/10.1371/journal.pbio.2005568

Abstract Abstract

Non-native species as an

) The Convention on Biological Diversity (CBD) emphasises the role of biodiversity in delivering
integral component of

benefits essential for all people and, as a result, seeks to safeguard all life-forms. The indices

biodiversity that are used to measure progress towards international conservation and sustainability goals,
Drawbacks of accounting however, focus solely on the ‘native’ component of biodiversity. A subset of non-native species
for non-native species can cause undesirable economic, social, or biological effects. But non-native species also

contribute to regional biodiversity (species richness and biotic interactions) and ecosystem
services. In some regions and cities, non-native species make up more than half of all species.
Acknowledgments Currently, the contributions of these species to biodiversity and ecosystem services are
overlooked. Here, | argue that biodiversity and sustainability indices should include all species.
This is not only consistent with definitions of biodiversity but also will promote the idea that
lona-term. sustainable. human well-beina is intricately tied to benefits derived from nature.

Moving forward

References




1) How many introduced species are harmful?
2) (Some) introduced species are good!

3) Actions against introduced species are xenophobic.



ECOLOGIST

Does green xenophobia' mean nature's go-getters are wrongly attacked
as invasive species?

Fred Pearce | 29th March 2018

The signal crayfish was introduced from the US to Europe in the 1960s.

Invasive species imported - sometimes accidentally - by us humans are seen as a threat to 'pristine' and
'fragile' ecosystems. But FRED PEARCE, the legendary environmental correspondent, argues in his new book
The New Wild that they could be the salvation of environments put under stress by modern development




“The anti-immigrant sentiment sweeping the
country, from draconian laws in Arizona to armed
militias along the Mexican border, has taken many
Americans by surprise. It shouldn’t — nativism
runs deep in the United States. Just ask our non-
native animals and plants: they too are
commonly labeled as aliens, even though they
also provide significant benefits to their new
home. While the vanguard of the anti-immigrant
crusade is found among the likes of the

Hugh Raffles Minutemen and the Tea Party, the native

species movement is led by environmentalists,

conservationists and gardeners. Despite cultural

and political differences, both are motivated by
the fear of being swamped by aliens.”

The Opinion Pages = op-ep conTRIBUTOR

Mother Nature’s Melting Pot

H. Raffles, 2011
NY Times



If all you have is a hammer,
everything looks like a nail

~ Law of the instrument




1) How many introduced species are harmful?
2) (Some) introduced species are good!
3) Actions against introduced species are xenophobic.

4) Efforts to contain invasions are futile.

Mark Gardener, Director, Charles Darwin
Research Station, Galapagos, 2011 :
Rubus niveus
“It's time to embrace the aliens. Blackberries {1 '
now cover more than 30,000 ha here, and our N
studies show that island biodioversity is reduced :
by at least 50% when it’'s present. But as far as e
I’'m concerned, it's now a Galapagos native, and
it's time we accepted it as such.”
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Ecological Indicators

Ecological Indicators 102 (2019) 617-622
Efficacy of eDNA as an early detection indicator for Burmese pythons in the
ARM Loxahatchee National Wildlife Refuge in the greater Everglades
ecosystem

Margaret E. Hunter™", Gaia Meigs-Friend®, Jason A. Ferrante”, Brian J. Smith®, Kristen M. Hart"




eradication = total elimination of
population(s) from a
discrete, separate region

maintenance management = maintaining
population(s) at low level
= “population control”



For this reason, and many others,

| eradication programs will eventually
become a curiosity item on library
shelves, just as have all social utopias.”

- René Dubos, 1965, Man Adapting

@=

Thirty Years o freedom
rom Smallpox

1796 1967 1980

Edward Jenner creates World Health Organization ~ World Health Organization
first smallpox vaccination pushes eradication efforts declares smallpox eradicated!



http://diise.islandconservation.org/

WHAT IS THE DATABASE OF ISLAND INVASIVE SPECIES ERADICATIONS?

Islands are the epicenter of the current global extinction crisis and invasive vertebrates are a key threat
to native plants and animals on islands. Removing invasive vertebrates from islands is an important
island restoration tool to protect and restore island ecosystems and prevent extinctions.

The Database of Island Invasive Species Eradications attempts to compile all historical and current
invasive vertebrate eradication projects on islands. The vast majority of the dataset is focused on
invasive mammals. Data gathered from each project includes island location and characteristics, details
about the eradication including focal species, methods and outcome, plus links and or contact details for
learning more about the project. Parameter descriptions are described here.

house mouse small Indian mongoose  barn owl

black rat west European hedgehog common myna
Norway rat European rabbit house crow
Polynesian rat Indian hare house sparrow
Asian house rat fallow deer red-whiskered bulbul
Gambian pouched rat red deer ruddy duck
American mink mule deer weka

least weasel brushtail possum wild turkey
short-tailed weasel brush tailed rock wallaby

European polecat wild boar

ferret goat

raccoon domestic cat

red fox domestic dog

Arctic fox domestic cow

Patagonian gray fox domestic sheep

donkey

Number of Successful Eradications
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Some island mammal eradications

rats:  Macquarie Island 12,873 ha
Campbell Island 11,330 ha
South Georgia Island 352,758 ha
house mouse: Macquarie Island 12,873 ha

carnivore (mink): Hiiumaa Island (Estonia) 102,560 ha
boar Santiago (Galapagos) 58,041 ha
goat Isabela (Galapagos) 458,812 ha

292 of 1,086 eradication attempts were parts of 125
multispecies projects on 120 islands.

194 of 1,086 eradication attempts on 94 islands inhabited
by humans.



~ nip/MbBnetnzigerdalindexphp
grda

global eradication and response database

Home - FAQ - Usermanual - Publications - Sponsors - Targettaxa - Countries - Bibliography - Login/register

Gerda - global eradication and response database

This database summarises incursion response and eradication programmes from around the world.

The scope of the database is terrestrial arthropod pests and plant pathogens. Weeds, vertebrate pests, aquatic pests, and animal diseases are not
currently included. Read more about the scope and purposes of the database in the frequently asked questions (FAQ) section.

Biol Invasions (2014) 16:401-414
DOI 10.1007/s10530-013-0529-5

Determinants of successful arthropod eradication programs

Patrick C. Tobin - John M. Kean - David Maxwell Suckling -
Deborah G. McCullough * Daniel A. Herms * Lloyd D. Stringer
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Turning the Tide:

The Eradication of Invasive Species
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scaling up to meet the challenge

ceeding

animals plants animals plants

129 3 64 6






MAINTENANCE MANAGEMENT
physical and mechanical control
chemical control
biological control

sterile male, mating disruption, etc.



genetics!




Gene Silencing inhibits these
intracellular processes resulting in
muted trait expression

@—»\—»

The ‘gene silencing'
vector (containing
RNAI) enters the plant

1

Tra nscription Translation |

Gene (DNA) MmRNA

from E.M. Golenberg -

http://greatlakesphragmites.net/fil

Plants infected
with the ‘gene
silencing’ vector

could have stunted

growth, a yellow
color, or no

flowers (depending

on which gene is
silenced)

t Phenotype

Protein

es/GLC-Webinar.pdf



The next generation of insecticides: dsRNA
is stable as a foliar-applied insecticide

Keri San Miguel and Jeffrey G Scott”

Abstract

BACKGROUND: RNAi is a powerful tool used to study gene function. It also has been hypothesized to be a promising new method
for control of insect pests on crops, although the perceived instability of dsRNA in the environment has constrained thinking
about the options for this new type of pest control.

RESULTS: We confirmed that foliar application of Colorado potato beetle dsRNA actin is highly effective for control, demon-
strated that treatment with actin-dsRNA protects potato plants for at least 28 days under greenhouse conditions and found that
the dsRNA is not readily removed by water once dried on the leaves.

CONCLUSION: These new results suggest that foliar application of dsRNA could be a valuable control strategy for some pests.
Technological aspects of spraying dsRNA that need to be considered in the future are discussed.
© 2015 Society of Chemical Industry

Keywords: Colorado potato beetle (Leptinotarsa decemlineata); crop protection; RNAi; double-stranded RNA
|




The EPA Quietly Approved
Monsanto's New Genetic-
Engineering Technology

It's the first time RNA interference will be used to Kill insect pests.

SARAH ZHANG JUN 23, 2017 m

§ ’ e 13 ' e Y United States )
X .‘: 3 A &‘ \ ‘ \"EPA Eg\éﬁggmenml Protection
W ¢t }' s
5 o %
] Environmental Topics Laws & Regulations About EPA Search EPA.gov Q
CONTACTUS  SHARE @ @ @

Pesticide Registration

Pesticide Registration

iome EPA Registers Innovative Tool to

About Pesticide

Registration Control Corn Rootworm

Electronic Submission of

Applications In June 2017, EPA registered four products containing the Related
.. . . Ribonucleic acid interference (RNAi) based Plant-Incorporated clate o
Pesticide Registration . . Information
Manual Protectant (PIP) called SMARTSTAX PRO. This product will help U.S.
farmers control corn rootworm, a devastating corn pest that has
Fees and Waivers e Qverview of Plant-

developed resistance to several other pesticides.

Incorporated



DuPont, Jan. 19, 2019 patent application:

Title: Compositions and methods for insecticidal control of stinkbugs
Document Type and Number: United States Patent 10190134
Methods and compositions are provided which employ a silencing element that, when ingested by a pest, such as a Pentatomidae plant pest, decrease the expression of a target sequence

in the pest. The present invention provides various target polynucleotides set forth in any one of SEQ ID NOS: 6-12, 18-40 or active variants and fragments thereof, wherein a decrease in

expression of one or more the sequences in the target pest controls the pest (i.e., has insecticidal activity). Plants, plant part, bacteria and other host cells comprising the silencing elements

Abstract:

or an active variant or fragment thereof of the invention are also provided.

1 employ a silencing element that, when ingested by a pest, such as a Pentatomidae plant pest,

Invasive Stink Bugs .« Related

Species (Pentatomoitea) brown marmorated

stink bug




Leonard et al., Science 36’7, 573-576 (2020) 31 January 2020

Engineered symbionts activate honey bee immunity
and limit pathogens

Sean P. Leonard™?, J. Elijah Powell*, Jiri Perutka?, Peng Geng?, Luke C. Heckmann®, Richard D. Horak’,
Bryan W. Davies?, Andrew D. Ellington?, Jeffrey E. Barrick®*, Nancy A. Moran™
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MICROBIAL ENGINEERING

A microbiome silver bullet for honey hees

A genetically engineered honey bee gut bacterium knocks down two major bee threats

By Robert J. Paxton stressors (I) that are unlikely to diminish with | induce host RNA interference (RNAi)-base

Improving honey bee survival

Symbiotic bee gut bacteria were genetically modified (GM) to release specific RNA that triggers an immune response in the host
involving RNA interference (RNAI). Once RNAI was activated, honey bees survived infection by a particular virus or parasitic mite.
Whether this RNAi-based defense can be passed from adult to larva or via flowers has yet to be determined.

DWV virions Varroa mites Bees in colony
& 8% & @” all contain
= A DN GM microbiota

-
....

GM microbiota ‘
in feeder 1

-
_____

Larvain drone

Nn=2n= ‘o L1ienias 110 7/

_GM microbiota '.' cells each
== 2N )'Ti”\ in the small > contait? GM
p microbiota

transmission or

escape? RNAi triggered
by GM microbiota

- \d{ intestine
Intestine e
endothelium Bee hive




Extraordinary Sex Ratios

A sex-ratioltheory for sex linkage and inbreeding
has new implications in cytogenetics and entomology.

Science 156:477-488 1967 _
W. D. Hamilton

Journal of Theoretical Biology
Volume 241, Issue 2, 21 July 2006, Pages 333-341

ELSEVIER
A model describing the effect of sex-reversed YY fish in
an established wild population: The use of a Trojan Y
chromosome to cause extinction of an introduced exotic
species

Juan B. Gutierrez 2 & &, John L. Teem P =



“supermales” =YY

North American Journal of Aguaculture T8:T2-83, 2016
€ Amencan Fishenes Society 2016

ISSN: 1522-2055 print [ 1548-8454 online

DOL: 1010801322 2055.2015. 1100149

ARTICLE

Production of a YY Male Brook Trout Broodstock for
Potential Eradication of Undesired Brook Trout Populations

Daniel J. Schill* and Jeff A. Heindel
ldaho Department of Fish and Game, 600 South Walnut Street, Post Office Box 25, Boise,
Idaho 83707, USA

Matthew R. Campbell
ldahe Department of Fish and Game, 1800 Trout Road, Eagle, ldaho 83616, USA

Kevin A. Meyer and Elizabeth R. J. M. Mamer
ldaho Department of Fish and Game, 1414 East Locust Lane, Nampa, ldaho 83686, USA
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OXITEC

Haedes, Aegypta
and the Oxitec
approach

The Friendly™ Mosquitoes

Science 354:
164-167,2016

NEWS

WINGED
WARRIORS

Brazil plans to release billions of
designer mosquitoes to stop the spread
of infectious diseases. Will it work?

By Kelly Servick, in Brazil

very Saturday morning, Maria do

Carmo Tunussi goes door to door

asking her neighbors to scour their

houses and yards for flowerpots,

buckets, dogged gutters—anything

that could collect water and offer

mosquitoes a place to breed. For

17 years, Tunussi has been a commu-

nity health agent at the local dlinic

in CECAP/Eldorado, a district of about 5000

people in the small city of Piracicaba, 2 hours

northwest of Sdo Paulo, Brazil. She has seen

many surges of the mosquito-borne dengue

virus, which causes fever, nausea, and ago-

nizing joint pain. The task sometimes feels

futile. “You remove the breeding site one

day, and the next day, it's back,” she says. “It
never ends.”

Last April, CECAP became the first

that effective against A. aegypti, and breed-
ing site removal, which, despite Tunussis ef-
forts, is hard to keep up year after year. So
it’s not surprising that, 7 years after releasing
the world's first genetically modified (GM)
mosquito, Oxitec has chosen Brazl as the
site of a major scale-up. It is moving from
small-scale pilot projects like the one in
CECAP to planned releases covering tens of
thousands of people.

Indeed, Brazl is becoming a proving
ground for taflored mosquitoes. About
600 kilometers to the east, in the coastal
cities of Niter6i and Rio de Janeiro, another
lab strain of mosquitoes is on the wing. Bred
by a nonprofit organization called Eliminate
Dengue, this one is infected with a bacte-
rium called Wolbachia pipientis that pro
tects it from infection with dengue, Zika, and

Oxitec’s vector
control solution - A
paradigm shift in
mosquito control

bouncing around in plastic tubs the size of
take-out containers.

g
[

We're applying
advanced science to
develop new and
better pest control
Oxitec’s approach uses advanced
genetics to develop solutions for
controlling dangerous disease-

carrying mosquitoes, and harmful

agricultural pests.

TED Talk:
Re-engineering
mosquitos to fight
disease

NEWS OF THE WEEK

SCIENCE AND SOCIETY

CORRESPONDENCE

International law
should govern release
of GM mosquitoes

SIR — Your News story ‘Sterile
mosquitoes near take-off’ (Nature
453, 435;2008) discusses
the likely release of genetically
engineered mosquitoes to
help contain dengue fever. It
demonstrates just how close
we are to aradically new set of
strategies for managing a whole
range of diseases and wildlife
using genetically
modified organisms
(GMOs). But after
assessing the risks
and benefits, nations
may reach different
conclusions about
their use. And that's
quite a problem,
considering that
genetically modified
bugs won't recognize national
borders.

Malaysia may successfully
avoid spreading the sterile

GM Mosquito Trial Alarms Opponents,
Strains Ties in Gates-Funded Project

For about a decade, scientists have debated
how and when to carry out the first test
release of transgenic mosquitoes designed
to fight human disease—a landmark study
they imagined might trigger fierce resistance
from opponents of genetic engineering. A
stream of papers and reports has argued that
a release of any genetically modified (GM)
mosquito should be preceded by years of
careful groundwork, including an exhaus-
tive public debate to win the hearts and
minds of the local population.

But now, it turns out that with little pub-
lic debate, a company released such mos-
quitoes a year ago in a fiscal paradise in
the Caribbean, where they have been fly-
ing under the world’s radar screen until
last week. At a press conference in London
on 11 November, British company Oxitec
announced that it carried out the world’s first
small trial with transgenic Aedes aegypti
mosquitoes in Grand Cayman in the fall of

“I would com-
pletely reject
any notion that
this was done

secretively.”
—LUKE ALPHEY,
CHIEF SCIENTIFIC
OFFICER, OXITEC

says Bart Knols, a medical entomologist at
the University of Amsterdam in the Nether-
lands. “This could well trigger a backlash.”
Nor does the trial sit well with the col-
laborators in a big international project, in
which Oxitec is a key member, to develop
and test GM mosquitoes. The program,
funded by a $19.7 million grant from the
Bill & Melinda Gates Foundation and led
by Anthony James of the University of Cali-

politics, and appropriately so.
The potential for conflict over

Biological Station, CSIC, Apdo. 153,
41080 Sevilla, Spain

difficult situation,” he says. “I would com-
pletely reject any notion that this was done
secretively,” says Alphey, who notes that
the trial was well-known within the island’s
population of 50,000, “but just not picked up
internationally.”

Few deny that in the race to develop
disease-fighting mosquitoes, Oxitec has an
impressive lead. Its key idea, pioneered by
Alphey while at the University of Oxford
in the 1990s, is to release massive numbers
of lab-bred male mosquitoes equipped with
a gene that kills any offspring in the larval
or pupal stage. When the males mate with
females of a natural population, there are no
progeny—and if the transgenic males mate
more often than the natural ones, the mos-
quito population will dwindle or even col-
lapse. (And because male mosquitoes don’t
bite, their release does not increase the risk
of disease transmission to humans.)

Oxitec sees a key market in 4e. aegypti,
the vector for dengue, a painful and some-
times fatal viral infection for which no
drugs or vaccines exist. Many middle- and
high-income countries already invest heav-
ily in traditional mosquito-control meas-
ures to fight dengue, but the results are
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OF CRITICAL PEER-REVIEWED EVIDENCE, INCLUDING THEIR OWN, DESCRIBING SAFETY AND
EFFECTIVENESS OF TECHNOLOGY.
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Concerning RNA-guided gene
drives for the alteration of

wild populations
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Figure 3. RNA-guided genome editing via Cas?. 1
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Caution required for handling genome editing
technology

Motoko Araki’, Kumie Nojima?, and Tetsuya Ishii’

1 Office of Health and Safety, Hokkaido University, Sapporo 060-0808, Japan
2Molecular Imaging Center, National Institute of Radiological Sciences, Chiba 263-8555, Japan

Genome-editing technology, although a robust tool for ism using physical, chemical, or biological methods. The
aenetic enaineerina. is creatina indistinct reaulatorv modified cells. such as protoplasts. callus cells. or embrvonic
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Gene Drives on the Horizon

Advancing Science, Navigating Uncertainty,
and Aligning Research with Public Values
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A Call for Conservation with a Conscience:
No Place for Gene Drives in Conservation

New technologies have played an important role in protecting life on earth, and we the
undersigned support innovation and science in conservation. However, we believe that a
powerful and potentially dangerous technology such as gene drives, which has not been tested
for unintended consequences nor fully evaluated for its ethical and social impacts, should not
be promoted as a conservation tool.

From the climate impact of the internal combustion engine to the synthetic chemicals that Founding
have poisoned the web of life, we have learned some lessons. We now understand the serious  signatories include:
need for precaution when radical new technologies arise, especially with gene drives, which
change the rules of genetics and inheritance and have consequences beyond our

comprehension.

Gene drives have the potential to dramatically transform our natural world and even

humanity’s relationship to it. The invention of the CRISPR-CAS9 tool and its application Q*; -

to gene drives (also known as a “mutagenic chain reaction”) gives technicians the ability to :
intervene in evolution, to engineer the fate of an entire species, to dramatically modify Dr Jane Goodall

Scientists and environmental experts and organizations from around the globe have advocated for a
halt to proposals for the use of gene drive technologies in conservation. Announced today, a long list
of environmental leaders, including Dr. Jane Goodall, DBE, genetics professor and broadcaster Dr.
David Suzuki, Dr. Fritjof Capra, entomologist Dr. Angelika Hilbeck, Indian environmental activist
Dr. Vandana Shiva and organic pioneer and biologist Nell Newman, have lent their support to the
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Conservation demands safe gene drive

Kevin M. Esvelt' *)Neil J. Gemmell?*

1 MIT Media Lab, Massachusetts Institute of Technology, Cambridge, Massachusetts, United States of
America, 2 Department of Anatomy, University of Otago, Dunedin, New Zealand

* esvelt@media.mit.edu (KME); neil.gemmell @otago.ac.nz (NJG)

Abstract

@ Interest in developing gene drive systems to control invasive species is growing, with New

Zealand reportedly considering the nascent technology as a way to locally eliminate the
mammalian pests that threaten its unique flora and fauna. If gene drives successfully eradi-
cated these invasive populations, many would rejoice, but what are the possible conse-
quences? Here, we explore the risk of accidental spread posed by self-propagating gene
drive technologies, highlight new gene drive designs that might achieve better outcomes,
and explain why we need open and international discussions concerning a technology that
could have global ramifications.
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New Model Warns About CRISPR Gene
Drives in the Wild

L

Letting Gene Drives Loose Outside Labs is Too
Risky, says Scientist Who Promoted Idea

Two new papers urge caution in using powerful genome-editing
technology against invasive species: Models show that evolving resistance

won't stop aggressive standard gene drives from spreading. BY PAUL KOBERSTEIN — DECEMBER 21, 2017
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But other advocates of controversial genetic engineering technology
are moving ahead with plans to conduct field trials in a few years
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Current CRISPR gene drive systems are
likely to be highly invasive in wild
populations

Charleston Noble'%3t, Ben Adlam’“t, George M Church?3, Kevin M Esvelt>*,
Martin A Nowak'-¢7*

Discussion

Our results suggest that current first-generation CRISPR-based gene drive systems for population
alteration are capable of far-reaching—perhaps, for species distributed worldwide, global—spread,
even for very small releases. A simple, constitutively expressed CRISPR nuclease and guide RNA cas-
sette targeting the neutral site of insertion—an arrangement that could occur accidentally—may be
capable of altering many populations of the target species depending on the homing efficiency of
the organism in question. More generally, resistance can be problematic for intentional applications
of gene drives, but we find that it is not a major impediment to invasion of unintended populations.




ttps://targetmalaria.org/our-work/

Our Goal

How 1t Works

Biasing the Sex Ratio

Focus on Mosquito Female Fertility




LANDCARE
RESEARCH

MANAAKI
WHENUA

GENETIC BIOCONTROL =
or INVASIVE RODENTS

- '

NC STATE
UNIVERSITY

THE UNIVERSITY
+ADELAIDE




BiomilLab

Eradication of Invasive Quagga and
Zebra Mussels using Engineered
Disseminated Neoplasia

Steve Suhr and Marie-Claude Senut
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Bivalve Transmissible Neoplasia

Normal clams Leukemic clams
Hemocyte genotypes Neoplastic hemocyte
match genotypes are nearly
individual genotypes identical and do not match
host genotypes
r‘. : o \

Fig. 6. Light micrograph of a histological section through the mantie of a2 mussel
Mytilus galloprovincialis showing a gonad follicle filled with neoplastic cells.

Metzger et al. (2015) Horizontal transmission of clonal Carballal et al. (2015) Neoplastic diseases of
cancer cells causes leukemia in soft-shell clams. Cell. marine bivalves. J. Invertebr. Pathol.; 131:83-106.
161:255-263



Devil Facial Tumor Disease
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>90% decline in devil population since 1996 and
extinction by 2026.

Stammnitz et al. (2018) Cancer Cell 33, 607-619 April 9, 2018
Bender et al. (2014) Ann. Rev. Anim. Biosci. 2014; 2: 165-187.




CRISPR/CAS 9
Genome Editing Kits

OriGene's system for genome disruption and gene replacement delivers pre-designed
plasmids and all the vectors needed to knock out any human or mouse gene.
Knockout is as simple as 1-2-3:

o Search the gene symbol on origene.com and order
e Follow the simple protocol for transfection and Puro selection

) Validate the knockout

Kit Components Include:

» 2 quide RNA vectors to ensure efficient cleavage
« Donor vector with predesigned homologous arms
« Knockin GFP-Puro for selection

« Scramble gRNA as negative control included

Come to OriGene,
the trusted molecular biology
expert, for your CRISPR needs.

@ ORIGENE



May 14, 2018 &he New Hork Eimes

ns Popularity, ‘Someone”
ng to Get Hurt’

As created from mail-order DNA, scientists are sounding
ut the genetic tinkering carried out in garages and living
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Areporter does CRISPR ., onconen 2016

speak biology fluently, but the molecular complexities of the

novel genome-editing tool called CRISPR left me as befuddled

as when I peruse descriptions of the inflationary universe. So

I decided to test what one investigator told me: CRISPR (for

“clustered regularly interspaced short palindromic repeats”)
may sound intimidating, but it is so simple to use that “any
idiot” could do it.

I would give it a try.

Can any idiot do 1t?

Biologist Roland Wagner (left) watches as Jon Cohen attempts a key
pipetting step in creating a CRISPR construct.

I've already learned that any idiot cannot do CRISPR: It
takes, at least, basic laboratory skills.
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