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General	ConsideraCons	

•  Gene	drives	would	be	used	for	populaCon	
suppression	

•  Targets	would	be	an	essenCal	gene,	or	gene	
required	in	the	germline	or	for	female	
development	

•  CondiConal	expression	of	Cas9	would	facilitate	
mass	rearing	of	the	gene	drive	strain.	

•  PotenCal	for	resistance	to	drive:	consider	
combining	with	SIT.	



cas9	expressed	in	soma	and	germline	
and	targeted	against	a	gene	essenCal	

in	females		



cas9	expressed	in	soma	and	germline	
and	targeted	against	a	gene	required	

for	female	development	
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Cas9	condiConal	expression	
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Or..target	a	gene	essenCal	in	the	field	
but	not	in	the	rearing	facility	

White	eye	fly	with	poor	vision	
	
e.g.	Field	female	killing	strain	of	
the	Australian	sheep	blowfly.	
Females	had	white	eyes	and	
males	had	wild	type	red	eyes	



Case	Studies	

•  New	World	screwworm	
•  Spo(ed	wing	Drosophila	
•  Diamondback	moth	
•  Red	flour	beetle	
•  Whitefly	



Livestock	 Wildlife	

Pets	

Screwworm	Damage	

Humans	
Images	provided	by	Steve	Skoda,	USDA-ARS	



SIT	Program:		
Bisexual	release…both	sterile	males	and	females	

							90%	
dead	or	sterile	
			offspring	
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STERILE	

Sterile	 Fer.le	
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From	Vargas-Terán	et	al.	2005	

EsCmated	total	cost	of	eradicaCon	program	in	North		
America,	through	2005,	is	$1,290	million	

Estimated annual benefits to producers (in US dollars) from  
eradication of screwworms: 

•   USA – $896.1 million 
•   Mexico – $328.6 million 
•   Central America - $87.8 million 

$1,312.5	million	

Estimated annual losses to producers (in US dollars) in  
South America from screwworms: 

•   Brazil - $1770 million 
•  Argentina - $618 million 
•  Colombia - $264 million 
•  Uruguay - $210 million 
•  Venezuela - $199 million 
•  All others Countries - $445 million 

$3,506	million	



Advantages	of	a	geneCcally	modified,	transgenic	male-
only	strain	with	a	fluorescent	protein	marker	gene	

•  More	efficient	populaCon	suppression	in	the	field	
with	male-only	release	

•  Considerable	savings	in	diet	costs	if	females	die	
before	pupal	stage	

•  EssenCally	double	the	capacity	of	the	plant	
•  IdenCficaCon	of	released	sterilized	flies	using	
fluorescent	marker	

•  If	males	are	geneCcally	sterilized,	no	need	for	
radiaCon	treatment.		Males	should	be	more	
compeCCve	and	costs	reduced.	



If	male-only	SIT	is	efficient	why	
consider	a	gene	drive	system?	

Current Distribution 

SIT	would	be	challenging		in	
South	America	



Genome	manipulaCon	

•  Genome	project	underway.	CompleCon	end	of	
2016	

•  Transgenesis	is	rouCne	
•  CRISPR/Cas9	gene	ediCng	appears	to	be	very	
efficient	in	New	World	screwworm	and	
related	blowflies	



Target	Gene:	transformer	
RNAi-mediated	knockdown	of	tra	RNA	in	posterior	end	leads	to	male	development	

Li	et	al	(2013)	Plos	One	



Assuming	resistance	to	drive	will	
evolve:	consider	combining	with	SIT?		

Cas9	digesCon	reduced	by	mutaCons	in	region	complementary	to	gRNA	and	eliminated	by	
mutaCons	in	PAM	

igtrcn.org	



Drosophila	suzukii:	Spo(ed	Wing	
Drosophila	(SWD)	



D.	suzukii	biology	
Invasion	history	

2008	 2009	 2010	 2011	 2012	

Detected	in	CA	
raspberries,	
misidenCfied	

Records	prior	to	CA	idenCficaCon:	Damage	to	cherries	in	Japan	in	1916	(Kanzawa	1939),	
Detected	in	HI	in	1980s	

CA	samples	IdenCfied	
as	D.	suzukii	

Detected	in	
OR,	WA,	and	

FL	

Detected	in	NC,	SC,	
UT,	LA,	MI,	WI,	and	
eastern	Canada	

Detected	throughout	
New	England	and	Mid	

AtlanCc	

Detected	throughout	
the	Midwest	



D.	suzukii	biology	
Life	history	and	popula.on	biology	

+	
Male	 Female	

Genera.on	.me	(adult	to	
adult):	
10-15	days	
Adults	can	live	1+	month	
No	known	diapause	

Pupate	on	or	near	
fruit	or	outside	of	
fruit	in	the	soil	



D.	suzukii	biology	
Global	detec.on	.meline	

2011	
2012	
2014	



D.	suzukii	biology	
Detec.ons	in	United	States	



D.	suzukii	impacts	
Crop	host	preference	

When	presented	with	20g	of	fruit	in	the	laboratory,	female	flies	laid:		

3.04	eggs/g		
2.16	eggs/g		 1.59		

eggs/g	

1.16		
eggs/g	

Berry	size	propor6onal	to	number	of	eggs	laid	during	4	hours	of	exposure.	(Burrack	et	al.	2013)			

When	SWD	were	presented	with	one	type	of	fruit	(without	a	choice),	
strawberries	were	ranked	second	to	raspberries.	Analyses	which	included	

host	vola.les	and	offspring	performance	reached	similar	conclusions	
(Bellamey,	et	al.	2013).	



D.	suzukii	impacts	
Selected	non	crop	hosts	

Common name Scientific name Ripe fruit period 
 
Honeysuckle 
 

Lonicera spp. 
 

7/1 – 10/7 
 

Common blackberry 
 

Rubus sp. 
 

7/8 – 9/16 
 

Bittersweet nightshade 
 

Solanum dulcamara 
 

7/21 – 10/3 
 

Stiff dogwood 
 

Cornus foemina 
 

8/19 – 10/6 
 

American pokeweed 
 

Phytolacca americana 
 

8/26 – 10/7 
 

Silky dogwood 
 

Cornus amomum 
 

8/29 – 10/7 
 

Spicebush 
 

Lindera benzoin 
 

9/8 – 10/7 
 

Autumn olive 
 

Elaeagnus umbellata 
 

9/8 – 10/6 
 

Lee	et	al	2015.	



D.	suzukii	impacts	
Economic	costs	

Zero	tolerance	for	infesta.on	in	fruit	marketed	fruit		
Meaning	one	detected	larva	=	rejec7on	of	an	en7re	shipment	

	
Crop	loss	poten6al	in	the	western	US	over	$511	million	annually	(Bolda,	et	al	2010)	

	
Crop	loss	poten6al	in	the	eastern	US	at	least	$207	million	annually	

	
Increase	in	pesCcide	cost	reported	between	39-262%		

(h(ps://swd.ces.ncsu.edu/swd-impacts-2014/)		
	

Increase	in	labor	reported	between	5-48%,	depending	on	crop	(h(ps://
swd.ces.ncsu.edu/swd-impacts-2014/)		

	



Male-only	SIT?	
•  Anecdotal	evidence	that	populaCons	of	SWD	are	
high	in	season	in	southern	and	western	states.	
Would	be	difficult	to	achieve	an	excess	of	
released	males	

•  PopulaCons	appear	to	be	low	in	Northern	states,	
parCcularly	early	in	the	season	(e.g	Michigan).	
PotenCal	SIT?	

•  Greenhouses.	Confined	space.	Li(le	use	of	
greenhouses	for	berry	producCon	in	the	US.	

•  AlternaCve	is	a	populaCon	suppression	gene	
drive		



GeneCc	ManipulaCon	

•  Highly	quality	reference	genome	sequence	is	
available	

•  Transgenesis	is	rouCne	
•  CRISPR/cas9	ediCng	tools	developed	for	D.	
melanogaster	are	funcConal	in	SWD	



Possible	drive	target:	The	Sxl	gene,	
essenCal	for	females	

CRISPR/Cas9	knockout	
of	the	Sxl	gene	leads	to	
masculinizaCon	of	
females	

Li	and	Sco(	(2016)	doi:10.1016/j.bbrc.2015.12.081	



Diamondback	moth	(DBM)	

Wikipedia	commons	

www.infonet-biovision.org	
www.canolawatch.org	



Annual	Reviews	

DBM	DistribuCon:	 	RED,	persists	year-round	
	 	 	 	BLUE:	cannot	persist	year-round	but	can	be	a	seasonal	pest	



DBM	
•  Pest	of	vegetable	crops	(e.g.	broccoli,	
cabbage),	canola	and	wild	mustards	

•  Annual	global	economic	cost	is	$4	to	$5	billion	
•  conCnuous	generaCons	in	tropics.	Cannot	
overwinter	in	cold	climates	

•  Resistant	to	many	insecCcides	
•  Oxitec	has	developed	a	male-only	transgenic	
strain.	Approval	for	field	tesCng	in	NY	has	
been	obtained.	



Diamondback	moth	-	Cornell	
•  Oxitec	DBM	(OX4319L)	

–  Self-limiCng	system	
–  Releases	are	male-only	
–  Field	cage	trials	in	summer	
2015	–	halted	early	

–  Open	field	trials	scheduled	
for	summer	2016	



GeneCc	ManipulaCon	

•  Highly	quality	reference	genome	sequence	is	
available	

•  Easy	to	rear	in	the	lab	
•  Transgenesis	is	rouCne	
•  CRISPR/cas9	in	DBM?	



DBM	gene	drive	
•  A(racCve	in	tropical	areas	with	resource-poor	
farmers.	

•  With	much	lower	release	raCos,	a	populaCon-
suppression	gene	drive	should	be	more	cost-
effecCve	than	SIT.		

•  Target	an	essenCal	gene.		
•  Could	consider	targeCng	a	gene	that	confers	
resistance	to	a	chemical	insecCcide-converCng	
to	suscepCble	



DBM	gene	drive	

•  DBM	populaCon	can	triple	in	6	weeks	in	the	
field.	But	an	efficient	gene	drive	(>90%)	should	
be	effecCve	

•  Can	move	large	distances	(no	host	plant),	so	
trans-boundary	issues	likely	to	arise	

•  As	for	SIT,	reproducCve	barriers	(e.g.	crypCc	
species)	could	block	gene	drive	



red	flour	beetle	

Tribolium	castaneum	
The	1st	beetle	and	agricultural	pest	to	be	sequenced	



Pest	of	stored	grains:	Losses	of	$millions	annually	(difficult	to	quanCfy)	
	 	 	 	 	 	Global	distribuCon,	tropical	and	temperate	



Tribolium	Lab	Chow	



Advantages	of	Tribolium		
as	an	insect	model	

•  Small,	easily	cultured,	rela.vely	rapid	life	cycle	
•  Sophis.cated	gene.cs;	chromosome	balancers	
•  Sequenced	genome	
•  RNA	interference	
•  Germline	transforma.on	
•  CRISPR/Cas9	



CRISPR/Cas	9	

Gilles	et	al.,	2015		



Medea:	A	natural	gene	drive	
•  Maternal-Effect	Dominant	Embryonic	Arrest	

–  Beeman	et	al.	(1992)	
	



MEDEA	MaCngs	
“Inherit	me	or	die”	

1.  Eggs are laid with a toxin 
2.  Only the eggs which inherit a copy of the  
MEDEA element can neutralize the toxin 

Wild	Type	MaCngs	

Egg	

DNA	

X 

X X 

Theorized Mechanism:  Toxin/Antidote system: 



If the New Gene is linked onto MEDEA, it will spread through the population more effectively 

Photo by Alex Wild: myrmecos.net 



Bemisia	tabaci	:	silverleaf	whitefly	



silverleaf	whitefly	

•  Order	Hemiptera,	a	true	bug.	
•  Originally	from	India,	now	widespread	
tropical,	subtropical	regions	

•  Feeds	on	host	plants	by	piercing	lower	leaf	
surfaces	with	mouth	parts,	which	can	cause	
damage	

•  Feeds	on	phloem	from	over	500	hosts	
•  Transmits	several	viral	diseases		



GM	whitefly?	

This	has	not	yet	been	achieved.	
	
Eggs	are	small,	0.1	mm	
	
Eggs	are	a(ached	to	a	leaf.	
Appear	to	need	to	stay	
a(ached	to	a	leaf	during	and	
aver	DNA	delivery	
	
But	easy	to	rear	and	geneCc	
crosses	simplified	as	males	are	
haploid		

h(p://www.ladybirdplantcare.co.uk/whitefly.html	



CRISPR/cas9	gene	drive	for	whitefly?	

•  Drive	anC-viral	gene.	Similar	to	approaches	
being	developed	for	mosquitoes.	BUT..li(le	
molecular	understanding	of	virus-host	
interacCons	and	whitefly	transmits	several	
viruses	

•  PopulaCon	suppression	drive.	
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