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	Are	gene$cists	
going	into	the	

wild	?	



Human-driven	gene$c	modifica$ons	
•  Since	10,000	years:	domes$ca$on	of	plants	
and	animals		

•  Selec$ve	breeding	



Gene$cally	Modified	Organisms		

•  GMO:	an	organism	whose	gene$c	material	has	
been	altered	using	gene$c	engineering	
techniques		

•  First	GMOs:	bacteria	(1973),	mouse	(1973)	
•  Applica$ons:	
– Biological	and	medical	research	
– Produc$on	of	pharmaceu$cal	drugs,	vaccines	
– Agriculture		
–  ...	



Human-driven	gene$c	modifica$ons	
•  Selec$ve	breeding:		
– Limited	by	the	gene$c	diversity	present	in	the	
popula$on	

– Random	muta$ons	

•  Gene$c	engineering:		
– Possibility	to	introduce	any	piece	of	DNA	
– Directed	mutagenesis	
	



CRISPR/Cas	system:	a	new	
versa$le	tool	for	genome	

edi$ng	



CRISPR/Cas	system:	a	prokaryo$c	
immune	system		

•  CRISPRs	(clustered	regularly	interspaced	short	
palindromic	repeats)		

•  Cas	=	CRISPR-associated	genes	

palindromic	repeats	 spacer	



CRISPR/Cas	system:	a	prokaryo$c	
immune	system		



CRISPR/Cas	system:	a	prokaryo$c	
acquired	immune	system		



CRISPR/Cas	system:	a	prokaryo$c	
immune	system		

•  Confers	resistance	to	foreign	gene$c	elements	
such	as	plasmids	and	phages	

•  Found	in	approximately	40%	of	sequenced	
bacteria	genomes	and	90%	of	sequenced	
archaea	



CRISPR/Cas	system:	a	versa$le	tool	for	
genome	edi$ng	

•  CRISPR/Cas9	=>	double	strand	breaks	(DSBs)	at	
loci	that	are	iden$cal	to	the	guide	RNA	(gRNA)	

Genome	



CRISPR/Cas	system:	a	versa$le	tool	for	
genome	edi$ng	

•  CRISPR/Cas9	=>	double	strand	breaks	(DSBs)	at	
loci	that	are	iden$cal	to	the	guide	RNA	(gRNA)	

Genome	



DSB	repair	(1):	non-homologous	end	
joining	(NHEJ)	

Genome	

NHEJ-mediated	repair	

inser$on	

dele$on	
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DSB	repair	(2):	homologous	
recombina$on	(HR)	

Genome	

Homologous	recombina$on	

Precise	base	subs$tu$on	



CRISPR/Cas	system:	a	versa$le	tool	for	
genome	edi$ng	

Genome	



DSB	repair	(2):	homologous	
recombina$on	(HR)	

Genome	

Homologous	recombina$on	

Precise	replacement	of	a	DNA	fragment	



CRISPR/Cas	system:	a	versa$le	tool	for	
genome	edi$ng	

Genome	
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Homologous	
recombina$on	



CRISPR/Cas	system:	a	versa$le	tool	for	
genome	edi$ng	(and	other	applica$ons)	
•  CRISPR/Cas9	(2012):	very	efficient,	cheap	and	
simple	(>>	TALENs	or	Zn-Fn	nucleases)	

•  Can	work	with	any	kind	of	organism	(including	
non-model	organisms)	

•  =>	a	revolu$on	for	gene$c	engineering	

Jinek	M,	Chylinski	K,	Fonfara	I,	Hauer	M,	Doudna	JA,	
Charpen$er	E	(August	2012).	"A	programmable	dual-RNA-
guided	DNA	endonuclease	in	adap$ve	bacterial	immunity".	
Science.	337	(6096):	816–21	
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GENOME EDITING

The mutagenic chain reaction: A
method for converting heterozygous
to homozygous mutations
Valentino M. Gantz* and Ethan Bier*

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.

I
t is often desirable to generate recessive loss-
of-function mutations in emergent model
organisms; however, identifying such muta-
tions in the heterozygous condition is chal-
lenging. Taking advantage of the CRISPR/

Cas9 genome-editing method (1, 2), we have
developed a strategy to convert a Drosophila
heterozygous recessive mutation into a homozy-
gous conditionmanifesting amutant phenotype.
We reasoned that autocatalytic insertionalmutants

could be generated with a construct having three
components: (i) A Cas9 gene (expressed in both
somatic and germline cells), (ii) a guide RNA
(gRNA) targeted to a genomic sequence of in-
terest, and (iii) homology arms flanking the
Cas9-gRNA cassettes that match the two ge-
nomic sequences immediately adjacent to either
side of the target cut site (Fig. 1A). In such a
tripartite construct, Cas9 should cleave the ge-
nomic target at the site determined by the gRNA
(Fig. 1A) and then insert the Cas9-gRNA cassette
into that locus via homology-directed repair (HDR)
(Fig. 1, B and C). Cas9 and the gRNA produced
from the insertion allele should then cleave the
opposing allele (Fig. 1D), followed by HDR-
driven propagation of the Cas9-gRNA cassette
to the companion chromosome (Fig. 1, E and F).
We refer to this trans-actingmutagenesis scheme
as a mutagenic chain reaction (MCR).
We expected that autocatalytic allelic conver-

sion by MCR should be very efficient in both
somatic and germline precursor cells, given the
high frequency and specificity of mutagenesis (3)
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Fig. 1. Scheme outlining the mutagenic chain
reaction (MCR). (A to C) A plasmid consisting of a
core cassette carrying a Cas9 transgene, a gRNA
targeting a genomic sequence of interest, and
flanking homology arms corresponding to genomic
sequences abutting the target cleavage site (A)
inserts the core Cas9-gRNA cassette into the
targeted locus via HDR [(B) and (C)]. (D to F) In
turn, the inserted cassette expresses both Cas9
and the gRNA, leading to cleavage (D) and HDR-
mediated insertion of the cassette into the second
allele, thereby rendering the mutation homozygous
[(E) and (F)]. HA1 and HA2 denote the two
homology arms that directly flank the gRNA-
directed cut site.
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nomic target at the site determined by the gRNA
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Fig. 1. Scheme outlining the mutagenic chain
reaction (MCR). (A to C) A plasmid consisting of a
core cassette carrying a Cas9 transgene, a gRNA
targeting a genomic sequence of interest, and
flanking homology arms corresponding to genomic
sequences abutting the target cleavage site (A)
inserts the core Cas9-gRNA cassette into the
targeted locus via HDR [(B) and (C)]. (D to F) In
turn, the inserted cassette expresses both Cas9
and the gRNA, leading to cleavage (D) and HDR-
mediated insertion of the cassette into the second
allele, thereby rendering the mutation homozygous
[(E) and (F)]. HA1 and HA2 denote the two
homology arms that directly flank the gRNA-
directed cut site.
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components: (i) A Cas9 gene (expressed in both
somatic and germline cells), (ii) a guide RNA
(gRNA) targeted to a genomic sequence of in-
terest, and (iii) homology arms flanking the
Cas9-gRNA cassettes that match the two ge-
nomic sequences immediately adjacent to either
side of the target cut site (Fig. 1A). In such a
tripartite construct, Cas9 should cleave the ge-
nomic target at the site determined by the gRNA
(Fig. 1A) and then insert the Cas9-gRNA cassette
into that locus via homology-directed repair (HDR)
(Fig. 1, B and C). Cas9 and the gRNA produced
from the insertion allele should then cleave the
opposing allele (Fig. 1D), followed by HDR-
driven propagation of the Cas9-gRNA cassette
to the companion chromosome (Fig. 1, E and F).
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as a mutagenic chain reaction (MCR).
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Fig. 1. Scheme outlining the mutagenic chain
reaction (MCR). (A to C) A plasmid consisting of a
core cassette carrying a Cas9 transgene, a gRNA
targeting a genomic sequence of interest, and
flanking homology arms corresponding to genomic
sequences abutting the target cleavage site (A)
inserts the core Cas9-gRNA cassette into the
targeted locus via HDR [(B) and (C)]. (D to F) In
turn, the inserted cassette expresses both Cas9
and the gRNA, leading to cleavage (D) and HDR-
mediated insertion of the cassette into the second
allele, thereby rendering the mutation homozygous
[(E) and (F)]. HA1 and HA2 denote the two
homology arms that directly flank the gRNA-
directed cut site.
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PCR	(1986)	=	polymerase	chain	reac$on	
MCR	(2015)	=	mutagenic	chain	reac$on	

	

An	efficient	and	simple	method	to	spread	a	
transgene	into	wild	popula5ons	

	
Gene	Drive	
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Fig. 1. Scheme outlining the mutagenic chain
reaction (MCR). (A to C) A plasmid consisting of a
core cassette carrying a Cas9 transgene, a gRNA
targeting a genomic sequence of interest, and
flanking homology arms corresponding to genomic
sequences abutting the target cleavage site (A)
inserts the core Cas9-gRNA cassette into the
targeted locus via HDR [(B) and (C)]. (D to F) In
turn, the inserted cassette expresses both Cas9
and the gRNA, leading to cleavage (D) and HDR-
mediated insertion of the cassette into the second
allele, thereby rendering the mutation homozygous
[(E) and (F)]. HA1 and HA2 denote the two
homology arms that directly flank the gRNA-
directed cut site.
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The mutagenic chain reaction: A
method for converting heterozygous
to homozygous mutations
Valentino M. Gantz* and Ethan Bier*

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.

I
t is often desirable to generate recessive loss-
of-function mutations in emergent model
organisms; however, identifying such muta-
tions in the heterozygous condition is chal-
lenging. Taking advantage of the CRISPR/

Cas9 genome-editing method (1, 2), we have
developed a strategy to convert a Drosophila
heterozygous recessive mutation into a homozy-
gous conditionmanifesting amutant phenotype.
We reasoned that autocatalytic insertionalmutants

could be generated with a construct having three
components: (i) A Cas9 gene (expressed in both
somatic and germline cells), (ii) a guide RNA
(gRNA) targeted to a genomic sequence of in-
terest, and (iii) homology arms flanking the
Cas9-gRNA cassettes that match the two ge-
nomic sequences immediately adjacent to either
side of the target cut site (Fig. 1A). In such a
tripartite construct, Cas9 should cleave the ge-
nomic target at the site determined by the gRNA
(Fig. 1A) and then insert the Cas9-gRNA cassette
into that locus via homology-directed repair (HDR)
(Fig. 1, B and C). Cas9 and the gRNA produced
from the insertion allele should then cleave the
opposing allele (Fig. 1D), followed by HDR-
driven propagation of the Cas9-gRNA cassette
to the companion chromosome (Fig. 1, E and F).
We refer to this trans-actingmutagenesis scheme
as a mutagenic chain reaction (MCR).
We expected that autocatalytic allelic conver-

sion by MCR should be very efficient in both
somatic and germline precursor cells, given the
high frequency and specificity of mutagenesis (3)
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Fig. 1. Scheme outlining the mutagenic chain
reaction (MCR). (A to C) A plasmid consisting of a
core cassette carrying a Cas9 transgene, a gRNA
targeting a genomic sequence of interest, and
flanking homology arms corresponding to genomic
sequences abutting the target cleavage site (A)
inserts the core Cas9-gRNA cassette into the
targeted locus via HDR [(B) and (C)]. (D to F) In
turn, the inserted cassette expresses both Cas9
and the gRNA, leading to cleavage (D) and HDR-
mediated insertion of the cassette into the second
allele, thereby rendering the mutation homozygous
[(E) and (F)]. HA1 and HA2 denote the two
homology arms that directly flank the gRNA-
directed cut site.
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and efficacy of homology-based integration (4)
mediated by separate genome-encoded Cas9 and
gRNA genes observed in previous studies. We
tested this prediction in D. melanogaster with
the use of a characterized efficient target se-
quence (y1) (5) in the X-linked yellow (y) locus
as the gRNA target and a vasa-Cas9 transgene
as a source of Cas9 (Fig. 2C) because it is ex-
pressed in both germline and somatic cells (4).
As the defining element of our MCR scheme,
we also included two homology arms, ~1 kb each,
flanking the central elements (Fig. 2C) that pre-
cisely abut the gRNA-directed cut site. Wild-type
(y+) embryos were injected with the y-MCR
element (see supplementarymaterials), and emerg-
ing F0 flies were crossed to a y+ stock. According
to Mendelian inheritance, all F1 female prog-
eny of such a cross should have a y+ phenotype
(i.e., F1 females inherit a y+ allele from their
wild-type parent).
From two independent F0 male (♂) × y+ fe-

male (♀) crosses and 7 F0♀ × y+♂ crosses, we
recovered y– F1♀ progeny, which should not
happen according to Mendelian inheritance of a
recessive allele. Six such yMCR F1♀ were crossed

individually to y+♂, resulting in 95 to 100%
(average = 97%) of their F2 progeny exhibiting a
full-bodied y– phenotype (Fig. 2, E and G, and
table S1), in contrast to the expected rate of 50%
(i.e., only in males). We similarly tested MCR
transmission via the germline in two y– F1♂
recovered from an F0♀ cross that also yielded
y– female siblings. These y– F1♂were considered
candidates for carrying the y-MCR construct and
were crossed to y+ females. All but one of their F2
female progeny had a full-bodied y– phenotype
(Fig. 2, E and F). Occasionally among yMCR F2♀
we also recoveredmosaics (~4%)with a few small
y+ patches as well as a lone example of a 50%
chimeric female (Fig. 2H), and in two instances,
we recovered y+ male progeny from a yMCR F1♀
mother (Fig. 2E and table S1). These infrequent
examples of imperfect y-MCR transmission indi-
cate that although HDR is highly efficient at this
locus in both somatic and germline lineages, the
target occasionally evades conversion.
Polymerase chain reaction (PCR) analysis of

the y locus in individual y– F1 progeny confirmed
the precise gRNA- and HDR-directed genomic
insertion of the y-MCR construct in all flies giving

rise to y– female F2 progeny (Fig. 2D). Males car-
ried only this single allele, as expected, whereas
females in addition possessed a band correspond-
ing to the size of the wild-type y locus (Fig. 2D,
lane 4), which varied in intensity between indi-
viduals, indicating that females were mosaic for
MCR conversion. The left and right y-MCR PCR
junction fragments were sequenced from y– F1
progeny from five independent F0 parents. All
had the precise expected HDR-driven insertion
of the y-MCR element into the chromosomal y
locus. In addition, sequence analysis of a rare
nonconverted y+ allele recovered in a male off-
spring froma yMCR F1♀ (Fig. 2E) revealed a single-
nucleotide change at the gRNA cut site (resulting
in a T→I substitution), whichmost likely resulted
from nonhomologous end-joining repair, as well
as an in-frame insertion-deletion (indel) in a y+♀
sibling of this male (fig. S1 and table S1). The
high recovery rate of full-bodied y– F1 and F2
female progeny from single parents containing
a yMCR allele detectable by PCR indicates that
the conversion process is remarkably efficient in
both somatic and germline lineages. Phenotypic
evidence of mosaicism in a small percentage of
MCR-carrying females and the presence of y
locus–derived PCR products of wild-type size in
all tested y– F1 females suggest that females
may all be mosaic to varying degrees. In summary,
both genetic and molecular data reveal that the
y-MCR element efficiently drives allelic conver-
sion in somatic and germline lineages.
MCR technology should be applicable to dif-

ferent model systems and a broad array of sit-
uations, such as enabling mutant F1 screens in
pioneer organisms, accelerating genetic manipu-
lations and genome engineering, providing a po-
tent gene drive system for delivery of transgenes
in disease vector or pest populations, and po-
tentially serving as a disease-specific delivery sys-
tem for gene therapy strategies. We provide an
example in this study of an MCR element caus-
ing a viable insertional mutation within the cod-
ing region of a gene. It should also be possible,
however, to efficiently generate viable deletions
of coding or noncoding DNA by including two
gRNAs in theMCR construct targeting separated
sequences and appropriate flanking homology
arms. Using the simple core elements tested in
this study,MCR is applicable to generating homo-
zygous viable mutations, creating regulatory mu-
tations of essential genes, or targeting other
nonessential sequences. Themethodmay also be
adaptable to targeting essential genes if an in-
frame recoded gRNA-resistant copy of the gene
providing sufficient activity to support survival
is included.
In addition to these positive applications of

MCR technology, we are also keenly aware of the
substantial risks associated with this highly inva-
sive method. Failure to take stringent precautions
could lead to the unintentional release of MCR
organisms into the environment. The supple-
mentary material includes a stringent, institu-
tionally approved barrier containment protocol
that we developed and are currently adhering
to for MCR experiments. Since this study was
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yMCR F1♂ (lanes 7 to 9) showing junctional bands corresponding to y-MCR insertion into the chromosomal y
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from the y locus. Although the yMCR F1♂ (carrying a single X chromosome) displays only MCR-derived PCR
products (lanes 8 and 9), yMCR F1♀s generate both MCR and noninsertional amplification products. (E)
Summary of F2 progeny obtained from crosses described in table S1. (F) Low-magnification view of F2
progeny flies from an yMCR ♂× y+♀ cross. Nearly all female progeny display a y– phenotype. (G) High-
magnification view of a full-bodied yMCR F1♀. (H) A rare 50% left-right mosaic female. (I) A y+ control fly.
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The mutagenic chain reaction: A
method for converting heterozygous
to homozygous mutations
Valentino M. Gantz* and Ethan Bier*

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.

I
t is often desirable to generate recessive loss-
of-function mutations in emergent model
organisms; however, identifying such muta-
tions in the heterozygous condition is chal-
lenging. Taking advantage of the CRISPR/

Cas9 genome-editing method (1, 2), we have
developed a strategy to convert a Drosophila
heterozygous recessive mutation into a homozy-
gous conditionmanifesting amutant phenotype.
We reasoned that autocatalytic insertionalmutants

could be generated with a construct having three
components: (i) A Cas9 gene (expressed in both
somatic and germline cells), (ii) a guide RNA
(gRNA) targeted to a genomic sequence of in-
terest, and (iii) homology arms flanking the
Cas9-gRNA cassettes that match the two ge-
nomic sequences immediately adjacent to either
side of the target cut site (Fig. 1A). In such a
tripartite construct, Cas9 should cleave the ge-
nomic target at the site determined by the gRNA
(Fig. 1A) and then insert the Cas9-gRNA cassette
into that locus via homology-directed repair (HDR)
(Fig. 1, B and C). Cas9 and the gRNA produced
from the insertion allele should then cleave the
opposing allele (Fig. 1D), followed by HDR-
driven propagation of the Cas9-gRNA cassette
to the companion chromosome (Fig. 1, E and F).
We refer to this trans-actingmutagenesis scheme
as a mutagenic chain reaction (MCR).
We expected that autocatalytic allelic conver-

sion by MCR should be very efficient in both
somatic and germline precursor cells, given the
high frequency and specificity of mutagenesis (3)
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Fig. 1. Scheme outlining the mutagenic chain
reaction (MCR). (A to C) A plasmid consisting of a
core cassette carrying a Cas9 transgene, a gRNA
targeting a genomic sequence of interest, and
flanking homology arms corresponding to genomic
sequences abutting the target cleavage site (A)
inserts the core Cas9-gRNA cassette into the
targeted locus via HDR [(B) and (C)]. (D to F) In
turn, the inserted cassette expresses both Cas9
and the gRNA, leading to cleavage (D) and HDR-
mediated insertion of the cassette into the second
allele, thereby rendering the mutation homozygous
[(E) and (F)]. HA1 and HA2 denote the two
homology arms that directly flank the gRNA-
directed cut site.

HA1

genome

HA2Cas9 gRNA

HA1

Homology Directed Repair (HDR)

HA2Cas9 gRNA

HA1 HA2

Cas9 gRNA

Cas9 gRNA

Homology Directed Repair (HDR)

Cas9 gRNAHA1 HA2

Cas9 gRNA

Cas9 gRNA

Cas9 gRNA

second allele

 o
n 

O
ct

ob
er

 7
, 2

01
5

ww
w.

sc
ie

nc
em

ag
.o

rg
Do

wn
lo

ad
ed

 fr
om

 
 o

n 
O

ct
ob

er
 7

, 2
01

5
ww

w.
sc

ie
nc

em
ag

.o
rg

Do
wn

lo
ad

ed
 fr

om
 

 o
n 

O
ct

ob
er

 7
, 2

01
5

ww
w.

sc
ie

nc
em

ag
.o

rg
Do

wn
lo

ad
ed

 fr
om

 



Crispr-Cas9	gene	drive	

•  Very	efficient	
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Emerging technology | Concerning RNA-guided gene drives for the alteration of wild populations

Esvelt et al. eLife 2014;3:e03401. DOI: 10.7554/eLife.03401 15 of 21

Feature article

Figure 7. Potential applications of RNA-guided gene 
drives. Clockwise from left. Disease vectors such as 
malarial mosquitoes might be engineered to resist 
pathogen acquisition or eliminated with a suppression 
drive. Wild populations that serve as reservoirs for 
human viruses could be immunized using Cas9, RNAi 
machinery, or elite controller antibodies carried by a 
gene drive. Reversal and immunization drives could 
help ensure that all transgenes are safe and controlled. 
Drives might quickly spread protective genes through 
threatened or soon-to-be-threatened species such as 
amphibians facing the expansion of chytrid fungus 
(Rosenblum et al., 2010). Invasive species might be 
locally controlled or eradicated without directly 
affecting others. Sensitizing drives could improve the 
sustainability and safety of pesticides and herbicides. 
Gene drives could test ecological hypotheses 
concerning gene flow, sex ratios, speciation, and 
evolution. Technical requirements for these  
applications vary with the drive type required  
(Figure 7—figure supplement 1).
DOI: 10.7554/eLife.03401.014
The following figure supplement is available for 
figure 7:

Figure supplement 1. Technical limitations of different 
gene drive architectures with implications for various 
applications. 
DOI: 10.7554/eLife.03401.015

fields. Periodically releasing new drives could po-
tentially allow any given pesticide or herbicide to 
be utilized indefinitely. Modeling experiments will 
be needed to evaluate feasibility for different 
target species.

A second form of sensitizing drive could  
potentially render pest populations vulnerable to 
molecules that never previously affected them. 
For example, a gene important to fitness might 
be replaced with a version from another species 
or laboratory isolate whose function is sensitive to 
a particular compound. In principle, this approach 
could eventually lead to the development and 
use of safer and more species-specific pesticides 
and herbicides.

Controlling invasive species

One of the most environmentally damaging 
consequences of global economic activity is the 
introduction of invasive species, which often 
cause ecological disruption or even the extinc-
tion of native species. Isolated ecosystems such 
as those on small islands are especially vulner-
able. RNA-guided suppression drives might be 
used to promote biodiversity by controlling or 
even eradicating invasive species from islands 
or possibly entire continents. The economics of 
invasive species control are also compelling: 
the top ten invasives in the United States cause 
an estimated $42 billion in damages every year 
(Pimentel et al., 2005). Black and brown rats 
alone cause $19 billion in damages and may be 
responsible for more extinctions than any other 
nonhuman species.

Deploying RNA-guided suppression drives 
against invasive species will incur two primary 
risks related to undesired spread. First, rare mating 
events may allow the drive to affect closely  
related species. Using precision drives to target 
sequences unique to the invasive species could 
mitigate or eliminate this problem. Second, the 
suppression drive might spread from the invasive 
population back into the native habitat, perhaps 
even through intentional human action.

Native populations might be protected using 
an immunizing drive, but doing so would risk 
transferring immunity back into invasive popu-
lations. Instead, we might grant the invasive 
population a unique sequence with a standard 
drive (Figure 5C), verify that these changes have 
not spread to the native population, and only 
then release a suppression drive targeting the 
recoded sequences while holding an immunizing 
drive in reserve. Another approach might utilize a 
sensitizing drive to render all populations newly 

Malaria:	Introgression	
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replace	resistant	alleles	
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Risks	

•  Target	specificity?	(off-target	DSBs)	
•  Popula$on	connec$vity		(control	invasive	
species	without	affec$ng	their	na$ve	pops)	

•  Spreading	of	transgenes	in	closely	related	
species	

•  Unintended	ecological	consequences	
(community	dynamics)	



Transparency,	public	discussion,	and	
evalua$on		

•  Poten$al	benefits	:	
– Elimina$ng	insect-borne	human	diseases	
– Developing	and	suppor$ng	more	sustainable	
agricultural	models	

– Controlling	environmentally	damaging	invasive	
species	

•  Concerns	:	
– Ecological	and	human	consequences	?	
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