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Abstract Over the past few years, programmable RNA-guided nucleases such as 
the CRISPR/Cas9 system have ushered in a new era of precision genome editing in 
diverse model systems and in human cells. Functional screens using large libraries 
of RNA guides can interrogate a large hypothesis space to pinpoint particular genes 
and genetic elements involved in fundamental biological processes and disease-
relevant phenotypes. Here, we review recent high-throughput CRISPR screens (e.g. 
loss-of- function, gain-of-function, and targeting noncoding elements) and highlight 
their potential for uncovering novel therapeutic targets, such as those involved in 
cancer resistance to small molecular drugs and immunotherapies, tumor evolution, 
infectious disease, inborn genetic disorders, and other therapeutic challenges.

Keywords Genome engineering • Pooled CRISPR screens • Functional genomics 
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7.1  Introduction

The recent development of RNA-guided CRISPR nucleases for genome editing has 
created new opportunities for understanding the genetic basis of disease. With the 
development of pooled screens utilizing RNA-programmable nucleases, thousands 
of genes can be interrogated simultaneously to test many genetic hypotheses in 
parallel. Beyond their initial application for loss-of-function screening, pooled 
CRISPR screens have also been adapted for gene overexpression, repression, and 
enhancer region modulation. Here, we first present an overview of pooled screen 
workflows and how different CRISPR effectors can be harnessed to activate, repress, 
or knockout genes in different disease models (Fig.  7.1a). We also survey 
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applications of CRISPR screens in cancer, infectious diseases and inborn genetic 
disorders (Fig. 7.1b and Table 7.1). We highlight how these screens have been used 
for target discovery and potential therapeutic developments from identified target 
genes/genetic elements.

7.2  Technologies for CRISPR Screens

7.2.1  From Gene Editing to Pooled Screens

Programmable nucleases, such as the clustered regularly interspaced short 
palindromic repeat-associated nuclease Cas9 (CRISPR/Cas9) have ushered in a 
new era of precise genome manipulation. For targeted modification in mammalian 
cells, it is necessary to express both the Cas9 nuclease and a single-guide RNA 
(sgRNA) [1–3]. The sgRNA contains a 20 nt sequence complementary to the target 

Fig. 7.1 Pooled CRISPR screen platforms and applications. (a) Different CRISPR effectors for 
gene manipulation. CRISPRn: CRISPR nuclease target coding exons, where double-strand break 
repair introduces indel mutations that can result in gene knockout. CRISPRi: CRISPR interference 
fuses a KRAB repressive element to a catalytically inactive form of Cas9 that is capable of binding 
its genomic target but does not cut. This results in gene repression when targeted near the promoter. 
CRISPRa: CRISPR activation fuses one or more transcriptional activation elements (e.g. VP64, 
p65, HSF1, Rta, etc. [10]) to a catalytically inactive form of Cas9. This results in gene activation 
when targeted near the promoter. (b) Key disease areas in which pooled CRISPR have been used 
to understand genetic mechanisms and find new therapeutic targets

X. Guo et al.



Ta
bl

e 
7.

1 
C

R
IS

PR
 p

oo
le

d 
sc

re
en

s 
by

 d
is

ea
se

 a
re

a 
an

d 
th

er
ap

eu
tic

 im
pl

ic
at

io
ns

D
is

ea
se

 
ca

te
go

ry
D

is
ea

se
Sc

re
en

in
g 

ph
en

ot
yp

e
T

he
ra

pe
ut

ic
 im

pl
ic

at
io

ns

C
an

ce
r

M
el

an
om

a
R

es
is

ta
nc

e 
to

 c
he

m
ot

he
ra

py
 d

ru
g 

(a
 

B
R

A
F 

pr
ot

ei
n 

ki
na

se
 in

hi
bi

to
r 

ve
m

ur
af

en
ib

 [
6,

 2
4,

 3
2]

);
 le

th
al

/
an

ti-
pr

ol
if

er
at

iv
e 

ph
en

ot
yp

e 
[4

3,
 8

5]

Sc
re

en
ed

 h
um

an
 c

od
in

g 
ge

ne
s 

fo
r 

lo
ss

-o
f-

fu
nc

tio
n 

(L
oF

) 
an

d 
ga

in
-o

f-
fu

nc
tio

n 
(G

oF
) 

m
ut

at
io

ns
 th

at
 c

on
fe

rs
 v

em
ur

af
en

ib
 r

es
is

ta
nc

e 
in

 B
R

A
F 

m
ut

an
t m

el
an

om
a 

ca
nc

er
 c

el
l l

in
e,

 
va

lid
at

ed
 k

no
w

n 
re

si
st

an
ce

 g
en

es
, a

nd
 id

en
tifi

ed
 n

ov
el

 ta
rg

et
s 

(L
oF

 g
en

es
 s

uc
h 

as
 N

F
2 

an
d 

C
U

L
3 

[6
] 

an
d 

G
oF

 g
en

es
 s

uc
h 

as
 I

T
G

B
3 

an
d 

P
2R

Y
8 

[2
2]

).
 F

ur
th

er
 s

tu
dy

 e
xp

an
de

d 
th

e 
sc

re
en

in
g 

re
gi

on
 to

 s
ea

rc
h 

fo
r 

ad
ja

ce
nt

 n
on

co
di

ng
 r

eg
ul

at
or

y 
el

em
en

ts
 th

at
 m

ed
ia

te
 th

e 
ex

pr
es

si
on

 o
f 

ve
m

ur
af

en
ib

 r
es

is
ta

nc
e 

ge
ne

s 
(e

.g
. C

U
L

3)
 a

nd
 id

en
tifi

ed
 a

 li
st

 o
f 

pr
ev

io
us

 
un

ch
ar

ac
te

ri
ze

d 
re

gu
la

to
ry

 e
le

m
en

ts
 a

nd
 m

ec
ha

ni
sm

s 
[3

2]
.

Sc
re

en
ed

 h
um

an
 c

od
in

g 
ge

ne
s 

an
d 

id
en

tifi
ed

 m
el

an
om

a-
sp

ec
ifi

c 
ca

nc
er

 d
ep

en
de

nc
ie

s 
[4

3,
 

85
]

M
ye

lo
id

 le
uk

em
ia

R
es

is
ta

nc
e 

to
 c

he
m

ot
he

ra
py

 d
ru

gs
 

su
ch

 a
s 

et
op

os
id

e 
[7

],
 c

yt
os

in
e 

ar
ab

in
os

id
e 

(A
ra

-C
) 

[4
8]

 a
nd

 A
T

R
 

ki
na

se
 in

hi
bi

to
r 

[4
9]

; p
ro

te
in

 s
ta

bi
lit

y 
re

po
rt

er
 a

ss
ay

 [
86

];
 le

th
al

/a
nt

i-
 

pr
ol

if
er

at
iv

e 
ph

en
ot

yp
e 

[8
7–

89
]

Sc
re

en
ed

 h
um

an
 c

od
in

g 
ge

ne
s 

fo
r 

L
oF

 m
ut

at
io

ns
 th

at
 c

on
fe

r 
dr

ug
 r

es
is

ta
nc

e 
in

 m
ye

lo
id

 
le

uk
em

ia
 c

el
l l

in
es

, v
al

id
at

ed
 k

no
w

n 
re

si
st

an
ce

 g
en

es
 (

e.
g.

 D
C

K
 g

en
e 

fo
r A

ra
-C

 r
es

is
ta

nc
e 

in
 a

cu
te

 m
ye

lo
id

 le
uk

em
ia

, (
A

M
L

))
 [

48
],

 a
nd

 id
en

tifi
ed

 n
ew

 r
es

is
ta

nc
e 

ge
ne

s 
(e

.g
. C

D
K

6 
fo

r 
et

op
os

id
e 

re
si

st
an

ce
 in

 c
hr

on
ic

 m
ye

lo
id

 le
uk

em
ia

, (
C

M
L

) 
[7

],
 S

L
C

29
A

 in
 A

ra
-C

 
re

si
st

an
ce

 [
48

] 
an

d 
C

D
C

25
A

 in
 A

T
R

 in
hi

bi
to

r 
re

si
st

an
ce

 in
 A

M
L

 [
49

])
, p

ro
vi

de
d 

th
er

ap
eu

tic
 

in
si

gh
ts

 in
to

 c
om

bi
na

to
ri

al
 d

ru
g 

ac
tio

ns
 b

as
ed

 o
n 

pa
tie

nt
’s

 g
en

ot
yp

es
 (

e.
g.

 p
re

dn
is

ol
on

e 
fo

r 
D

C
K

 n
eg

at
iv

e 
ca

se
s 

[4
8]

 a
nd

 W
E

E
1 

in
hi

bi
to

rs
 f

or
 A

T
R

 in
hi

bi
to

r 
re

si
st

an
t c

as
es

 [
49

])
. 

A
no

th
er

 s
tu

dy
 s

cr
ee

ne
d 

hu
m

an
 c

od
in

g 
ge

ne
s 

fo
r 

re
gu

la
to

rs
 o

f 
re

si
st

an
ce

 f
ac

to
rs

 a
nd

 
id

en
tifi

ed
 n

ew
 g

en
es

 r
eg

ul
at

in
g 

C
D

C
25

A
 p

ro
te

in
 s

ta
bi

lit
y 

in
 A

T
R

 in
hi

bi
to

r 
re

si
st

an
ce

 [
86

].
A

M
L

-s
pe

ci
fic

 g
en

et
ic

 v
ul

ne
ra

bi
lit

ie
s 

ha
ve

 b
ee

n 
id

en
tifi

ed
 w

ith
 a

 g
en

om
e-

w
id

e 
sc

re
en

 o
f 

hu
m

an
 p

ro
te

in
-c

od
in

g 
ge

ne
s 

[8
7–

89
] 

an
d 

sa
tu

ra
tio

n 
m

ut
ag

en
es

is
 o

f 
19

2 
ch

ro
m

at
in

 
re

gu
la

to
ry

 d
om

ai
ns

 in
 th

e 
m

ou
se

 g
en

om
e 

[9
0]

. T
he

se
 s

tu
di

es
 h

av
e 

ex
pa

nd
ed

 th
e 

lis
t o

f 
dr

ug
ga

bl
e 

ge
ne

tic
 d

ep
en

de
nc

ie
s 

in
 A

M
L

, i
de

nt
ifi

ed
 n

ew
 r

eg
ul

at
or

y 
m

ic
ro

R
N

A
s 

re
qu

ir
ed

 f
or

 
pr

ol
if

er
at

io
n 

[8
9]

, a
nd

 h
ig

hl
ig

ht
ed

 n
ew

 c
an

di
da

te
s 

(s
uc

h 
as

 K
A

T
2A

 [
87

],
 E

N
L

 [
88

])
 f

or
 

ph
ar

m
ac

ol
og

ic
al

 in
hi

bi
tio

n.

(c
on

tin
ue

d)



D
is

ea
se

 
ca

te
go

ry
D

is
ea

se
Sc

re
en

in
g 

ph
en

ot
yp

e
T

he
ra

pe
ut

ic
 im

pl
ic

at
io

ns

N
on

-H
od

gk
in

’s
 ly

m
ph

om
a

A
pi

lim
od

 c
yt

ot
ox

ic
ity

 [
91

];
 in

du
ct

io
n 

of
 ly

m
ph

om
a 

(i
n 

vi
vo

 tr
an

sp
la

nt
 o

f 
m

ut
at

ed
 c

el
l p

oo
l a

nd
 a

ss
es

s 
ly

m
ph

om
a 

on
se

t)
 [

92
]

To
 s

tu
dy

 p
ha

rm
ac

og
en

om
ic

s 
of

 a
 n

ew
ly

 id
en

tifi
ed

 c
he

m
ot

he
ra

py
 d

ru
g,

 a
pi

lim
od

, a
 

ge
no

m
e-

sc
al

e 
C

R
IS

PR
n 

sc
re

en
 w

as
 a

pp
lie

d 
to

 s
ea

rc
h 

fo
r 

hu
m

an
 p

ro
te

in
-c

od
in

g 
ge

ne
s 

th
at

 
m

ed
ia

te
 a

pi
lim

od
 s

en
si

tiv
ity

 [
91

].
 T

he
 s

tu
dy

 id
en

tifi
ed

 n
ov

el
 ta

rg
et

s 
as

so
ci

at
ed

 w
ith

 
ly

so
so

m
al

 h
om

eo
st

as
is

 (
ge

ne
s 

su
ch

 a
s 

O
ST

M
1,

 C
L

C
N

7,
 S

N
X

10
, a

nd
 T

F
E

B
),

 h
ig

hl
ig

ht
in

g 
th

e 
po

te
nt

ia
l t

o 
tr

ea
t B

-c
el

l n
on

-H
od

gk
in

’s
 ly

m
ph

om
a 

w
ith

 a
pi

lim
od

 [
91

].
To

 f
un

ct
io

na
lly

 v
al

id
at

e 
se

qu
en

ci
ng

 d
at

a 
of

 r
ar

e 
m

ut
at

io
ns

 in
 h

um
an

 B
ur

ki
tt’

s 
ly

m
ph

om
a,

 a
 

C
R

IP
SR

n 
sc

re
en

 in
te

rr
og

at
ed

 th
e 

m
ur

in
e 

or
th

ol
og

ue
s 

of
 a

 li
st

 o
f 

ra
re

 m
ut

at
io

ns
 in

 a
 

ge
ne

tic
al

ly
 e

ng
in

ee
re

d 
m

ou
se

 m
od

el
 th

at
 r

ec
ap

itu
la

te
s 

fe
at

ur
es

 o
f 

hu
m

an
 B

ur
ki

tt’
s 

ly
m

ph
om

a 
an

d 
id

en
tifi

ed
 tw

o 
ca

nd
id

at
e 

tu
m

or
 s

up
pr

es
so

rs
 (

P
H

IP
 a

nd
 S

P
3)

. L
oF

 o
f 

P
H

IP
 o

r 
SP

3 
ac

ce
le

ra
te

s 
ly

m
ph

om
ag

en
es

is
, s

ug
ge

st
in

g 
th

at
 r

es
to

ra
tio

n 
of

 th
es

e 
tu

m
or

 s
up

pr
es

so
rs

 
co

ul
d 

tr
ea

t B
ur

ki
tt’

s 
ly

m
ph

om
a 

[9
2]

.

H
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a
L

et
ha

l/a
nt

i-
pr

ol
if

er
at

iv
e 

ph
en

ot
yp

e 
[3

0]
; i

nd
uc

tio
n 

of
 li

ve
r 

tu
m

or
 [

46
, 9

3]
D

el
et

io
n-

ba
se

d 
sc

re
en

 o
f 

hu
m

an
 lo

ng
 n

on
co

di
ng

 R
N

A
 (

ln
cR

N
A

s)
 in

 H
uH

-7
 to

 id
en

tif
y 

51
en

ri
ch

ed
 a

nd
 d

ep
le

te
d 

ln
cR

N
A

s 
in

 a
 p

ro
lif

er
at

io
n 

as
sa

y 
[3

0]
.

Pi
gg

yB
ac

-b
as

ed
 tr

an
sp

os
on

 s
cr

ee
n 

in
 v

iv
o 

to
 id

en
tif

y 
tu

m
or

 s
up

pr
es

so
r 

ge
ne

s 
as

so
ci

at
ed

 
w

ith
 li

ve
r 

tu
m

or
ig

en
es

is
 (

su
ch

 a
s 

C
dk

n2
b)

 [
46

].
Sc

re
en

ed
 m

ou
se

 g
en

om
e 

fo
r 

tu
m

or
 s

up
pr

es
so

r 
ge

ne
s 

vi
a 

in
 v

iv
o 

tr
an

sp
la

nt
at

io
n 

of
 

lib
ra

ry
-t

ra
ns

du
ce

d 
ce

ll 
po

ol
 a

nd
 id

en
tifi

ed
 c

an
di

da
te

s 
su

ch
 a

s 
N

F
1,

 P
L

X
N

B
1,

 F
L

R
T

2,
 a

nd
 

B
9D

1 
co

nt
ri

bu
tin

g 
to

 tu
m

or
ig

en
es

is
. T

hi
s 

w
or

k 
su

gg
es

ts
 m

et
a-

tr
an

sc
ri

pt
io

na
l r

eg
ul

at
or

 
H

M
G

A
2 

(p
ar

t o
f 

th
e 

N
F

1 
pa

th
w

ay
) 

as
 a

 p
ot

en
tia

l i
nh

ib
ito

ry
 ta

rg
et

 to
 tr

ea
t l

iv
er

 c
an

ce
r 

[9
3]

.

L
un

g 
ad

en
oc

ar
ci

no
m

a
In

du
ct

io
n 

of
 p

ri
m

ar
y 

tu
m

or
 a

nd
 

lu
ng

-m
et

as
ta

tic
 p

he
no

ty
pe

 [
45

];
 

le
th

al
/a

nt
i-

pr
ol

if
er

at
io

n 
ph

en
ot

yp
e 

[9
4]

G
en

om
e-

w
id

e 
in

 v
iv

o 
po

ol
ed

 c
om

pe
tit

io
n 

as
sa

y 
fo

r 
pr

o-
gr

ow
th

 a
nd

 p
ro

-m
et

as
ta

si
s 

L
oF

 
m

ut
at

io
ns

. A
ft

er
 e

x 
vi

vo
 tr

an
sd

uc
tio

n,
 th

e 
ce

ll 
po

ol
ed

 w
as

 tr
an

sp
la

nt
ed

 a
nd

 b
ot

h 
pr

im
ar

y 
tu

m
or

 a
nd

 d
is

ta
l o

rg
an

s 
w

er
e 

m
on

ito
re

d 
fo

r 
tu

m
or

 c
el

l g
ro

w
th

 o
ve

r 
se

ve
ra

l w
ee

ks
 [

45
].

Sc
re

en
ed

 h
um

an
 c

od
in

g 
ge

ne
s 

fo
r 

L
oF

 c
an

ce
r 

de
pe

nd
en

ci
es

 in
 E

G
FR

-m
ut

an
t l

un
g 

ad
en

oc
ar

ci
no

m
a 

ce
ll 

lin
e;

 v
al

id
at

ed
 d

ri
ve

r 
m

ut
at

io
ns

, a
nd

 d
is

co
ve

re
d 

pu
ta

tiv
e 

de
pe

nd
en

ci
es

 
su

ch
 a

s 
th

e 
T

B
K

1 
ge

ne
 [

94
].

N
eu

ro
bl

as
to

m
a

L
et

ha
l/a

nt
i-

pr
ol

if
er

at
io

n 
ph

en
ot

yp
e

Sc
re

en
ed

 h
um

an
 c

od
in

g 
ge

ne
s 

fo
r 

L
oF

 c
an

ce
r 

de
pe

nd
en

ci
es

 in
 N

R
A

S-
m

ut
an

t 
ne

ur
ob

la
st

om
a 

ce
ll 

lin
e;

 v
al

id
at

ed
 d

ri
ve

r 
m

ut
at

io
ns

 a
nd

 th
ei

r 
do

w
ns

tr
ea

m
 k

in
as

es
 in

 th
e 

sc
re

en
, a

nd
 d

is
co

ve
re

d 
pu

ta
tiv

e 
de

pe
nd

en
ci

es
 in

cl
ud

in
g 

T
R

IB
2 

[9
4]

.

Ta
bl

e 
7.

1 
(c

on
tin

ue
d)



D
is

ea
se

 
ca

te
go

ry
D

is
ea

se
Sc

re
en

in
g 

ph
en

ot
yp

e
T

he
ra

pe
ut

ic
 im

pl
ic

at
io

ns

Sa
rc

om
a

L
et

ha
l/a

nt
i-

pr
ol

if
er

at
io

n 
ph

en
ot

yp
e 

[4
4]

; m
yo

ge
ni

c 
di

ff
er

en
tia

tio
n 

[9
5]

E
st

ab
lis

he
d 

a 
pa

tie
nt

-d
er

iv
ed

 s
ar

co
m

a 
ce

ll 
lin

e,
 a

nd
 s

cr
ee

ne
d 

a 
se

le
ct

iv
e 

se
t o

f 
dr

ug
ga

bl
e 

hu
m

an
 g

en
es

 c
om

bi
ni

ng
 C

R
IS

PR
n,

 R
N

A
i a

nd
 s

m
al

l-
m

ol
ec

ul
e 

sc
re

en
in

g 
ap

pr
oa

ch
es

. T
he

 
st

ud
y 

id
en

tifi
ed

 C
D

K
4 

an
d 

X
P

O
1 

as
 p

ot
en

tia
l t

he
ra

pe
ut

ic
 ta

rg
et

s 
[4

4]
.

Sc
re

en
ed

 c
la

ss
 I

 a
nd

 c
la

ss
 I

I 
hi

st
on

e 
de

ac
et

yl
as

es
 (

H
D

A
C

s)
 g

en
es

 in
 e

st
ab

lis
he

d 
rh

ab
do

m
yo

sa
rc

om
a 

ce
ll 

lin
e;

 id
en

tifi
ed

 H
D

A
C

3 
de

ac
et

yl
as

e 
as

 a
 m

aj
or

 s
up

pr
es

so
r 

of
 

m
yo

ge
ni

c 
di

ff
er

en
tia

tio
n,

 s
ug

ge
st

in
g 

H
D

A
C

3 
as

 a
 p

ot
en

tia
l t

he
ra

pe
ut

ic
 ta

rg
et

 in
 

di
ff

er
en

tia
tio

n 
th

er
ap

y 
(w

he
re

 m
al

ig
na

nt
 c

el
ls

 a
re

 e
nc

ou
ra

ge
d 

to
 d

if
fe

re
nt

ia
te

 in
to

 
no

n-
pr

ol
if

er
at

iv
e 

ce
lls

) 
[9

5]
.

B
re

as
t c

an
ce

r
O

nc
og

en
e-

in
du

ce
d 

se
ne

sc
en

ce
 

(a
nt

i-
pr

ol
if

er
at

io
n 

ph
en

ot
yp

e)
 [

96
]

Sc
re

en
ed

 9
0%

 o
f 

p5
3-

bo
un

d 
en

ha
nc

er
s 

an
d 

60
%

 o
f 

E
R
α-

bo
un

d 
en

ha
nc

er
s 

fo
r 

fu
nc

tio
na

l 
el

em
en

ts
. T

he
 e

nr
ic

he
d 

fu
nc

tio
na

l e
le

m
en

ts
 f

or
 th

e 
se

ne
sc

en
ce

 (
fo

r 
p5

3)
 o

r 
gr

ow
th

 (
E

R
α)

 
ph

en
ot

yp
es

 w
er

e 
en

ha
nc

er
s 

ne
ar

 c
el

l-
cy

cl
e 

ge
ne

s 
(C

D
K

N
1A

 a
nd

 C
C

N
D

1)
 [

96
].

O
va

ri
an

 c
an

ce
r

L
et

ha
l/a

nt
i-

pr
ol

if
er

at
io

n 
ph

en
ot

yp
e

Sc
re

en
ed

 5
0 

ep
ig

en
et

ic
 r

eg
ul

at
or

s 
w

ith
 a

 p
ai

re
d-

ge
ne

 ta
rg

et
in

g 
sg

R
N

A
 li

br
ar

y 
to

 s
tu

dy
 

co
op

er
at

iv
e 

re
gu

la
tio

n 
an

d 
po

ss
ib

le
 c

om
bi

na
to

ri
al

 c
an

ce
r 

th
er

ap
eu

tic
s 

to
 tr

ea
t o

va
ri

an
 

ca
nc

er
; i

de
nt

ifi
ed

 s
et

s 
of

 e
pi

ge
ne

tic
 r

eg
ul

at
or

s 
th

at
 c

on
fe

r 
sy

nt
he

tic
 le

th
al

ity
 a

nd
 p

ro
po

se
d 

a 
co

m
bi

na
tio

n 
of

 a
 K

D
M

4C
 in

hi
bi

to
r 

an
d 

B
R

D
4 

in
hi

bi
to

r 
to

 r
ed

uc
e 

ov
ar

ia
n 

ca
nc

er
 c

el
l 

pr
ol

if
er

at
io

n 
[3

4]
.

Pa
nc

re
at

ic
 c

an
ce

r
L

et
ha

l/a
nt

i-
pr

ol
if

er
at

io
n 

ph
en

ot
yp

e
Sc

re
en

ed
 h

um
an

 c
od

in
g 

ge
ne

s 
in

 R
N

F4
3-

m
ut

an
t p

an
cr

ea
tic

 d
uc

ta
l a

de
no

ca
rc

in
om

a 
ce

ll 
lin

e,
 f

or
 c

an
ce

r-
de

pe
nd

en
t s

pe
ci

fic
ity

 in
 p

ro
lif

er
at

io
n;

 id
en

tifi
ed

 a
nd

 f
un

ct
io

na
lly

 v
al

id
at

ed
 

th
e 

FZ
D

5 
re

ce
pt

or
 a

s 
ta

rg
et

 f
or

 p
ot

en
tia

l t
ar

ge
te

d 
th

er
ap

y 
us

in
g 

an
tib

od
y 

[9
7]

.

C
ol

on
 c

an
ce

r
L

et
ha

l/a
nt

i-
pr

ol
if

er
at

io
n 

ph
en

ot
yp

e
Sc

re
en

ed
 h

um
an

 c
od

in
g 

ge
ne

s 
fo

r 
co

nt
ex

t-
sp

ec
ifi

c 
ca

nc
er

 d
ep

en
de

nc
ie

s,
 d

is
co

ve
re

d 
di

st
in

ct
 

vu
ln

er
ab

ili
tie

s 
be

tw
ee

n 
co

m
m

on
 K

R
A

S-
m

ut
an

t c
ol

or
ec

ta
l c

an
ce

r 
ce

ll 
lin

es
: D

L
D

1,
 a

pp
ea

rs
 

to
 b

e 
de

pe
nd

en
t o

n 
E

G
FR

 s
ig

na
lin

g 
(d

es
pi

te
 th

e 
ce

lls
 b

ei
ng

 K
R

A
S-

m
ut

an
t)

, w
he

re
as

 
H

C
T

11
6 

re
lie

s 
on

 E
T

C
 c

om
pl

ex
 I

 f
un

ct
io

n 
an

d 
ca

n 
be

 in
hi

bi
te

d 
se

le
ct

iv
el

y 
by

 m
et

fo
rm

in
 

[4
3]

.

In
fe

ct
io

us
 

di
se

as
e

C
lo

st
ri

di
um

 s
ep

ti
cu

m
 

in
fe

ct
io

n
R

es
is

ta
nc

e 
to

 e
ith

er
 c

lo
st

ri
di

um
 

se
pt

ic
um

 a
lp

ha
 (
α)

-t
ox

in
 o

r 
6-

th
io

gu
an

in
e

Sc
re

en
ed

 m
ou

se
 g

en
om

e 
fo

r 
re

si
st

an
ce

 to
 α

-t
ox

in
 o

r 
6-

th
io

gu
an

in
e;

 id
en

tifi
ed

 2
7 

pr
ev

io
us

ly
 

ch
ar

ac
te

ri
ze

d 
an

d 
4 

no
ve

l g
en

es
 in

vo
lv

ed
 in

 r
es

is
ta

nc
e 

[9
8]

.

(c
on

tin
ue

d)



D
is

ea
se

 
ca

te
go

ry
D

is
ea

se
Sc

re
en

in
g 

ph
en

ot
yp

e
T

he
ra

pe
ut

ic
 im

pl
ic

at
io

ns

Sy
nt

he
tic

 b
ac

te
ri

al
 to

xi
ns

Se
ns

iti
vi

ty
 to

 d
ip

ht
he

ri
a 

an
d 

ch
im

er
ic

 
an

th
ra

x 
to

xi
ns

 [
57

];
 s

en
si

tiv
ity

 to
 a

 
ch

ol
er

a-
di

ph
th

er
ia

 to
xi

n 
[1

6]

Sc
re

en
ed

 2
91

 g
en

es
 f

or
 h

os
t f

ac
to

rs
 e

ss
en

tia
l f

or
 a

nt
hr

ax
 a

nd
 d

ip
ht

he
ri

a 
in

to
xi

ca
tio

n;
 

id
en

tifi
ed

 f
ou

r 
ge

ne
s 

(P
L

X
N

A
1,

 F
Z

D
10

, P
E

C
R

 a
nd

 C
D

81
) 

as
 c

an
di

da
te

s 
in

 p
ro

te
ct

iv
e 

ag
en

t-
m

ed
ia

te
d 

an
th

ra
x 

to
xi

ci
ty

 [
57

].
Sc

re
en

ed
 h

um
an

 c
od

in
g 

ge
ne

s 
fo

r 
se

ns
iti

zi
ng

 a
nd

 r
es

is
ta

nt
 h

os
t f

ac
to

rs
 th

at
 r

eg
ul

at
e 

ce
llu

la
r 

re
sp

on
se

 to
 c

ho
le

ra
-d

ip
ht

he
ri

a 
in

to
xi

ca
tio

n 
[1

6]
.

G
ra

m
-n

eg
at

iv
e 

ba
ct

er
ia

l 
in

fe
ct

io
ns

In
fla

m
m

at
or

y 
cy

to
ki

ne
 tu

m
or

 n
ec

ro
si

s 
fa

ct
or

 (
T

nf
) 

po
si

tiv
e 

af
te

r 
lip

op
ol

ys
ac

ch
ar

id
e 

(L
PS

) 
st

im
ul

at
io

n

Sc
re

en
ed

 m
ic

e 
ge

no
m

e 
fo

r 
in

du
ct

io
n 

of
 T

nf
 a

ft
er

 L
PS

 s
tim

ul
at

io
n,

 id
en

tifi
ed

 n
ov

el
 g

en
es

 
th

at
 r

eg
ul

at
e 

T
L

R
4 

si
gn

al
in

g 
pa

th
w

ay
 in

 r
es

po
ns

e 
to

 L
PS

 [
99

].

St
ap

hy
lo

co
cc

us
 a

ur
eu

s 
in

fe
ct

io
n

Se
ns

iti
vi

ty
 to

 α
-h

em
ol

ys
in

 to
xi

n 
(α

H
L

)
Sc

re
en

ed
 h

um
an

 c
od

in
g 

ge
ne

s 
an

d 
id

en
tifi

ed
 1

0 
ho

st
 ta

rg
et

s 
re

qu
ir

ed
 f

or
 α

H
L

 s
us

ce
pt

ib
ili

ty
; 

va
lid

at
ed

 p
ro

te
in

s 
(s

uc
h 

as
 S

Y
S1

, A
R

FR
P1

, a
nd

 T
SP

A
N

14
) 

th
at

 r
eg

ul
at

e 
ho

st
 r

ec
ep

to
rs

 
[1

00
].

Vi
br

io
 p

ar
ah

ae
m

ol
yt

ic
us

 
in

fe
ct

io
n

Se
ns

iti
vi

ty
 o

f 
ty

pe
 I

II
 s

ec
re

tio
n 

sy
st

em
 

(T
3S

Ss
)-

de
pe

nd
en

t c
yt

ot
ox

ic
ity

Sc
re

en
ed

 h
um

an
 c

od
in

g 
ge

ne
s 

fo
r 

di
st

in
ct

 h
os

t f
ac

to
rs

 f
ac

ili
ta

tin
g 

T
3S

Ss
-d

ep
en

de
nt

 
cy

to
to

xi
ci

ty
, d

is
co

ve
re

d 
pr

oc
es

se
s 

un
de

rl
yi

ng
 h

os
t-

pa
th

og
en

 in
te

ra
ct

io
ns

 [
59

].

W
es

t N
ile

 v
ir

us
 (

W
N

V
) 

in
fe

ct
io

n
R

es
is

ta
nc

e 
to

 W
es

t N
ile

 v
ir

us
 (

W
N

V
) 

in
fe

ct
io

n 
[6

3,
 6

4]
Sc

re
en

ed
 h

um
an

 c
od

in
g 

ge
ne

s 
fo

r 
ho

st
 f

ac
to

rs
 r

eq
ui

re
d 

fo
r W

es
t N

ile
 v

ir
us

 in
fe

ct
iv

ity
; 

id
en

tifi
ed

 g
en

es
 in

cl
ud

in
g 

7 
st

ro
ng

ly
 p

ro
te

ct
iv

e 
ge

ne
s 

(E
M

C
2,

 E
M

C
3,

 S
E

L
1L

, D
E

R
L

2,
 

U
B

E
2G

2,
 U

B
E

2J
1,

 a
nd

 H
R

D
1)

 in
 th

e 
E

R
-a

ss
oc

ia
te

d 
pr

ot
ei

n 
de

gr
ad

at
io

n 
(E

R
A

D
) 

pa
th

w
ay

 
as

 p
ot

en
tia

l t
he

ra
pe

ut
ic

 ta
rg

et
s 

to
 p

re
ve

nt
 W

N
V

 in
du

ce
d 

ce
ll 

de
at

h 
[6

3]
.

A
no

th
er

 C
R

IS
PR

n 
sc

re
en

 id
en

tifi
ed

 a
nd

 s
pe

ci
fic

al
ly

 d
et

ai
le

d 
th

e 
ro

le
 o

f 
SP

C
S1

 in
 

m
od

ifi
ca

tio
n 

an
d 

se
cr

et
io

n 
of

 fl
av

iv
ir

al
 p

ar
tic

le
s,

 a
nd

 s
ug

ge
st

ed
 th

at
 in

hi
bi

tio
n 

of
 S

PC
S1

 
m

ig
ht

 r
ed

uc
e 

vi
ra

l r
ep

lic
at

io
n 

[6
4]

.

Ta
bl

e 
7.

1 
(c

on
tin

ue
d)



D
is

ea
se

 
ca

te
go

ry
D

is
ea

se
Sc

re
en

in
g 

ph
en

ot
yp

e
T

he
ra

pe
ut

ic
 im

pl
ic

at
io

ns

D
en

gu
e 

vi
ru

s 
(D

E
N

V
) 

an
d 

he
pa

tit
is

 C
 v

ir
us

 (
H

C
V

) 
in

fe
ct

io
n

R
es

is
ta

nc
e 

to
 d

en
gu

e 
vi

ru
s 

(D
E

N
V

) 
an

d 
he

pa
tit

is
 C

 v
ir

us
 (

H
C

V
) 

in
fe

ct
io

n
Sc

re
en

ed
 h

um
an

 c
od

in
g 

ge
ne

s 
fo

r 
ho

st
 f

ac
to

rs
 r

eq
ui

re
d 

fo
r 

D
E

N
V

 a
nd

 H
C

V
 in

fe
ct

iv
ity

; 
id

en
tifi

ed
 o

lig
os

ac
ch

ar
yl

tr
an

sf
er

as
e 

co
m

pl
ex

 a
s 

es
se

nt
ia

l e
le

m
en

ts
 f

or
 D

E
N

V
 r

ep
lic

at
io

n 
an

d 
di

sc
ov

er
ed

 r
ol

e 
of

 in
tr

ac
el

lu
la

r 
fla

vi
n 

ad
en

in
e 

di
nu

cl
eo

tid
e 

du
ri

ng
 H

C
V

 r
ep

lic
at

io
n 

w
hi

ch
 s

ug
ge

st
s 

ne
w

 h
os

t t
ar

ge
ts

 f
or

 a
nt

iv
ir

al
 d

ru
gs

 [
65

].

H
um

an
 im

m
un

od
efi

ci
en

cy
 

vi
ru

s 
(H

IV
)

L
et

ha
l p

he
no

ty
pe

Sc
re

en
ed

 h
um

an
 c

od
in

g 
ge

ne
s 

an
d 

id
en

tifi
ed

 fi
ve

 H
IV

 h
os

t c
el

l f
ac

to
rs

: c
o-

re
ce

pt
or

s 
C

D
4 

an
d 

C
C

R
5,

 T
PS

T
2,

 S
L

C
35

B
2,

 a
nd

 A
L

C
A

M
, w

hi
ch

 s
ug

ge
st

 n
ew

 c
el

lu
la

r 
pa

th
w

ay
s 

fo
r 

an
tiv

ir
al

 th
er

ap
y 

[6
6]

.

C
hr

on
ic

 v
ir

al
 in

fe
ct

io
n

A
lte

re
d 

PD
-1

 e
xp

re
ss

io
n 

pr
ofi

le
Sc

re
en

ed
 ~

23
.8

 k
b 

en
ha

nc
er

 a
nd

 e
ig

ht
 a

dd
iti

on
al

 r
eg

ul
at

or
y 

re
gi

on
s 

ad
ja

ce
nt

 to
 P

dc
d1

 lo
cu

s 
in

 m
ur

in
e 

T
 c

el
ls

; d
is

co
ve

re
d 

th
at

 e
xh

au
st

ed
 C

D
8+

 T
 c

el
ls

 h
av

e 
a 

un
iq

ue
 e

nh
an

ce
r 

an
d 

tr
an

sc
ri

pt
io

n 
fa

ct
or

 b
in

di
ng

 la
nd

sc
ap

e 
w

hi
ch

 s
ug

ge
st

s 
an

 o
pt

io
n 

to
 e

di
t e

xh
au

st
io

n-
sp

ec
ifi

c 
en

ha
nc

er
s 

fo
r 

en
gi

ne
er

ed
 T

-c
el

l t
he

ra
py

 [
52

].

A
pi

co
m

pl
ex

an
 p

ar
as

ite
s

L
et

ha
l p

he
no

ty
pe

Sc
re

en
ed

 T
. g

on
di

i p
ar

as
ite

 g
en

om
e 

fo
r 

fa
ct

or
s 

th
at

 f
ac

ili
ta

te
 in

fe
ct

io
n;

 id
en

tifi
ed

 ∼
20

0 
ne

w
 

fit
ne

ss
 g

en
es

 a
nd

 in
ve

st
ig

at
ed

 c
ri

tic
al

 f
ac

to
rs

 (
su

ch
 a

s 
C

L
A

M
P 

pr
ot

ei
n)

 in
vo

lv
ed

 in
 h

os
t c

el
l 

in
fe

ct
io

n 
[7

0]
.

In
bo

rn
 g

en
et

ic
 

di
so

rd
er

s
β-

he
m

og
lo

bi
n 

di
so

rd
er

s
Fe

ta
l h

em
og

lo
bi

n 
(H

bF
) 

en
ri

ch
m

en
t 

[3
1,

 3
3]

Sc
re

en
ed

 B
C

L
11

A
 c

om
po

si
te

 e
nh

an
ce

r 
D

N
as

e 
I 

hy
pe

rs
en

si
tiv

e 
si

te
s 

in
 h

um
an

 
he

m
at

op
oi

et
ic

 s
te

m
 a

nd
 p

ro
ge

ni
to

r 
ce

lls
; i

de
nt

ifi
ed

 a
 c

on
se

rv
ed

 G
A

TA
1 

m
ot

if
 a

s 
th

e 
es

se
nt

ia
l e

le
m

en
t o

f 
B

C
L

11
A

 e
nh

an
ce

r 
fo

r 
hu

m
an

 e
ry

th
ro

id
 B

C
L

11
A

 e
xp

re
ss

io
n 

an
d 

H
bF

 
re

pr
es

si
on

, w
hi

ch
 s

ug
ge

st
s 

a 
po

te
nt

ia
l t

he
ra

pe
ut

ic
 g

en
om

e 
ed

iti
ng

 s
ite

 f
or

 β
-h

em
og

lo
bi

n 
di

so
rd

er
s 

[3
1]

.
Sc

re
en

ed
 H

B
S1

L
-M

Y
B

 in
te

rg
en

ic
 r

eg
io

n 
(w

ho
se

 v
ar

ia
nt

s 
m

od
ul

at
e 

H
bF

 le
ve

l)
 f

or
 r

eg
ul

at
or

y 
el

em
en

ts
 th

at
 c

on
tr

ol
 M

Y
B

 e
xp

re
ss

io
n;

 id
en

tifi
ed

 p
ut

at
iv

e 
re

gu
la

to
ry

 e
le

m
en

ts
 th

at
 c

on
tr

ol
 

M
Y

B
 e

xp
re

ss
io

n 
[3

3]
.

M
ito

ch
on

dr
ia

l d
is

ea
se

s
L

et
ha

l p
he

no
ty

pe
 [

74
, 7

5,
 7

7]
Sc

re
en

ed
 h

um
an

 c
od

in
g 

ge
ne

s 
fo

r 
pr

ot
ec

tiv
e 

fa
ct

or
s 

du
ri

ng
 m

ito
ch

on
dr

ia
l r

es
pi

ra
to

ry
 c

ha
in

 
(R

C
) 

in
hi

bi
tio

n;
 id

en
tifi

ed
 v

on
 H

ip
pe

l-
L

in
da

u 
(V

H
L

) 
fa

ct
or

 a
nd

 p
ro

po
se

d 
a 

hy
po

xi
a 

tr
ea

tm
en

t f
or

 m
ito

ch
on

dr
ia

l d
is

ea
se

 [
74

].
Sc

re
en

ed
 h

um
an

 g
en

om
e 

fo
r 

no
ve

l g
en

es
 e

ss
en

tia
l f

or
 o

xi
da

tiv
e 

ph
os

ph
or

yl
at

io
n;

 id
en

tifi
ed

 
19

1 
hi

ts
 a

nd
 d

is
co

ve
re

d 
N

G
R

N
, W

B
SC

R
16

, R
P

U
SD

3,
 R

P
U

SD
4,

 T
R

U
B

2,
 a

nd
 F

A
ST

K
D

2 
th

at
 

fo
rm

 a
 m

ito
ch

on
dr

ia
l 1

6S
 r

R
N

A
 r

eg
ul

at
or

y 
m

od
ul

e 
[7

5]
.

Sc
re

en
ed

 h
um

an
 g

en
om

e 
fo

r 
L

oF
 m

ut
at

io
ns

 th
at

 c
an

 r
es

cu
e 

M
ito

ch
on

dr
ia

l c
om

pl
ex

 
I-

im
pa

ir
ed

 c
yt

op
la

sm
ic

 h
yb

ri
d 

ce
lls

 in
 c

on
di

tio
ns

 th
at

 r
eq

ui
re

 c
el

lu
la

r 
ox

id
at

iv
e 

ph
os

ph
or

yl
at

io
n;

 id
en

tifi
ed

 B
R

D
4 

w
ho

se
 lo

ss
 e

nh
an

ce
s 

ox
id

at
iv

e 
ph

os
ph

or
yl

at
io

n 
ac

tiv
ity

, 
su

gg
es

tin
g 

it 
as

 a
 p

ro
m

is
in

g 
ta

rg
et

 to
 o

ve
rc

om
e 

m
ito

ch
on

dr
ia

l d
ef

ec
ts

 [
77

].



130

genomic region, and a part of a palindromic repeat that forms the secondary struc-
ture for Cas9 docking [4]. Directed by sgRNA, Cas9 nuclease identifies a target 
genomic region and introduces a double-stranded break (DSB). Chromosomal 
DSBs are typically repaired through cellular repair mechanisms such as homolo-
gous recombination (HDR) or non-homologous end joining (NHEJ). In the NHEJ 
repair pathway, the Ku DNA-binding heterodimer first binds to the DNA terminus 
to initiate end processing and recruits enzymes such as Artemis-DNA-PKCS to trim 
the incompatible ends, polymerases to fill the gaps, and ligases (XRCC4-DNA-
ligase-IV complex) to seal the nick [5]. Cellular repair mechanisms such as NHEJ 
often create deletions or insertions (indel mutations) at the DSB site. If Cas9 targets 
a coding exon, indel mutations can result in a frameshift mutation and a premature 
stop codon, thereby knocking out the target gene expression. If Cas9 targets an 
intron, enhancer, or other noncoding region, mutagenesis can disrupt functional ele-
ments such as transcription factor binding motifs or chromatin anchoring sites, 
which can alter regulation of gene expression.

CRISPR forward genetic screens take advantage of the same genome editing 
machinery to pair many different genetic changes with a phenotypic assay [6, 7]. 
Specifically, the screen quantifies which genetic manipulations are enriched or 
depleted in a disease-relevant phenotype. The workflow for CRISPR screens can be 
summarized in five steps: (1) choose genomic regions or genes of interest and 
design a sgRNA library to target these elements, (2) generate cell populations with 
various genetic perturbations introduced through this sgRNA library, (3) select a 
biological phenotype of interest, (4) trace back from the selected phenotype to its 
associated gene/genomic targets, and (5) confirm the function of the identified tar-
gets through additional validation studies [8].

CRISPR screens can be performed in either an arrayed or pooled format. In an 
arrayed CRISPR screen, each well receives one sgRNA delivered into all cells. In 
comparison, a pooled CRISPR screen can perturb thousands of genes simultane-
ously—with each cell in the pool receiving one genetic perturbation. This is most 
often achieved via lentiviral delivery of the CRISPR library to a large cell pool. 
Each construct in the pooled lentiviral library contains a unique sgRNA. To ensure 
that each cell only receives a single CRISPR construct, the viral titer is adjusted 
such that the multiplicity of infection is less than 1 (i.e. fewer viral particles than 
cells). Successful genomic integration of the virion results in expression of the 
sgRNA in a Cas9-expressing cell line. Alternatively, both sgRNA and Cas9 nuclease 
can be packed into the same virion to infect wild type cell lines. To remove non-
transduced cells, the construct also includes a selectable marker such as drug resis-
tance or fluorescence. After lentiviral integration, the unique 20 nt sgRNA guide 
sequence serves as a barcode for the construct. This barcode is used to measure 
enrichment or depletion of the specific sgRNA after phenotypic selection. Significant 
enrichment or depletion of a sgRNA barcode suggests functional association 
between the sgRNA target locus and the phenotype of interest. To reduce false-
positive hits, genes/genome target regions should be validated with newly-designed 
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sgRNAs that are not in the original library. Validation of individual sgRNAs should 
also include analysis of indels (e.g. Surveyor/T7E1, sequencing, etc.) and/or gene 
expression changes (e.g. qPCR, quantitative protein blotting, etc.). After initial hit 
validation, further in-depth studies may involve genetically-engineered mouse mod-
els, perturbations of related genes in the same pathway, and validation across a panel 
of cell lines to examine the effects of genetic background.

7.2.2  Types of CRISPR Screens

CRISPR screens to date have mainly focused on applying CRISPR nuclease 
(CRISPRn) Cas9 to identify loss-of-function mutations in protein-coding genes 
associated with disease traits. In addition to their use as a targeted nuclease, 
CRISPR systems have also been deployed as a general DNA-targeting platform to 
bring new effector domains to specific regions of the genome [9–11]. Beyond Cas9, 
there are also exciting possibilities for applying other DNA and RNA targeting 
CRISPR systems to take advantage of the metagenomic diversity of CRISPR sys-
tems [12]. These different CRISPR systems and effector domains can greatly diver-
sify the genetic manipulations available for screening gene loci and noncoding 
regions.

There is a variety of effector fusions that have been developed to activate or 
repress gene expression. Gene repression via effector domains is distinct from 
nuclease-based gene loss-of-function. Cas9 nuclease targeting typically results in 
loss-of-function due to formation of indel mutations in coding exons and nonsense-
mediated decay of mRNA transcripts. In contrast, CRISPR interference (CRISPRi) 
screens use a deactivated Cas9 (dCas9) fused to a Krüppel-associated box domain 
(KRAB) repressor [13]. Deactivated Cas9 (via alanine mutagenesis of a catalytic 
residue in the nuclease domain) retains the ability to form Cas9-sgRNA complexes 
that bind target sites [14]. The KRAB repressor is one of the most commonly used 
effectors for gene repression. Once at the target site, KRAB recruits nuclear pro-
teins to form a heterochromatin complex that can facilitate histone methylation and 
deacetylation [15]. CRISPRi screens using dCas9-KRAB have been applied to 
study protective factors in cellular toxin-resistance [16] and identify regulatory ele-
ments in the vicinity of oncogenes such as GATA1 and MYC [17]. For upregulating 
gene expression, there are three major types of dCas9-based gene-activating 
approaches (CRISPRa): tethering dCas9 directly with one or multiple activators 
(dCas9-VP64 [18, 19], dCas9-VPR [20], dCas9-P300 [21], and dCas9-VP160 
[22]); engineering a polypeptide scaffold to dCas9 for tagging multiple activator 
copies (Suntag [23]); modifying sgRNA scaffold hairpin region to recruit activators 
(SAM [24] and others [25]). A recent comparison of dCas9 activators found that 
activators with multiple, distinct activation domains (dCas9-VPR, SAM and Suntag) 
were capable of higher and more robust gene activation compared to effectors with 
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a single type of domain (e.g. dCas9-VP64, which contains four tandem repeats of 
the VP16 domain) [10].

In addition to gene activation and repression, other effectors have been incorpo-
rated into CRISPR systems to manipulate DNA methylation, histone acetylation 
and base editing. DNA methylation is catalyzed by DNA methyltransferases (Dnmt) 
and typically results in gene silencing [26] whereas DNA demethylation is facili-
tated by ten-eleven translocation (TET) dioxygenases and can result in gene activa-
tion [27]. Catalysts of DNA methylation and demethylation can be fused with 
dCas9, such as dCas9-Dnmt3a and dCas9-Tet1 respectively, and have been used to 
precisely edit CpG methylation [27]. Recent studies have shown that DNA methyla-
tion correlates with certain neuropsychiatric disorders such as schizophrenia, Rett 
syndrome, and immunodeficiency-centromeric instability (ICF) syndrome [26]. 
CRISPR screen effectors dCas9-Dnmt3a or dCas9-Tet1 could be used to identify 
regions of the genome that harbor control elements sensitive to changes in methyla-
tion. In addition to DNA methylation, post-translational modifications to histone 
tails can also modulate gene expression. Fusing the catalytic unit of acetyltransfer-
ase to dCas9 can robustly activate gene expression by catalyzing acetylation of his-
tone H3 lysine 27 at enhancer/promoter sites [21]. Additionally, the base pair editing 
tool dCas9-cytidine deaminase fusion protein has been used for making C to T (or 
G to A) point mutations [28]. Another point mutation generator system: “CRISPR-X” 
used dCas9 and a modified sgRNA with two MS2 hairpins to recruit a cytidine 
deaminase [29]. These systems can act as re-purposed CRISPR screens to provide 
alternatives to the kinds of mutations that result from CRISPRn-driven NHEJ.

Recently, pooled screens that pair CRISPR nucleases with multiple guides have 
been used to analyze multi-gene interactions and larger deletions. To study noncod-
ing elements such as long noncoding RNAs (lncRNAs) or super-enhancers, pairs of 
sgRNAs can create deletions that span the beginning and the end of larger genomic 
regions. A deletion screen targeting multiple long noncoding RNAs successfully 
demonstrated targeted genomic deletions to pinpoint regulatory lncRNAs associ-
ated with liver cancer [30]. For higher-resolution tiling in the noncoding region, 
single sgRNA saturation mutagenesis has been particularly helpful in identifying 
functional elements such as transcription binding motifs [31]. A saturating-muta-
genesis screen targeting ~700  kb region surrounding drug resistance genes has 
uncovered regulatory elements in a melanoma model [32]. Another study utilized 
a saturating-mutagenesis library to examine ~300  kb region in HBS1L-MYB 
intergenic region and identified putative enhancer elements that regulates MYB 
expression, which in turn regulates fetal hemoglobin levels [33]. Multi-guide 
screens have also been used to search for loss-of-function gene interactions or coop-
erative regulatory networks [34].

In addition to different effectors, CRISPR screens can benefit from the abun-
dance and diversity of CRIPSR-based DNA-targeting/gene editing systems found in 
different microbial species. Recent work on the CRISPR effector Cpf1, which rec-
ognizes T-rich PAMs [35, 36], suggests a new screening option for targeting T-rich, 
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NGG-poor regions. Since Cpf1 processes its own repeat array through its ribonucle-
ase activity, it may be easier to multiplex guide RNAs [37] for examining coopera-
tive regulation and deletions. To further expand the screening target from genome to 
transcriptome, the recently discovered RNA editing Cas9-C2c2 [38, 39] could be 
deployed to discover functional elements in regulatory RNAs or perform strand-
specific screens.

7.3  CRISPR Screen Applications: Genetic Mechanisms 
of Human Disease and Therapeutic Development

7.3.1  CRISPR Screens in Cancer for Synthetic Lethality 
and Drug Resistance

Over the past few years there has been tremendous excitement surrounding preci-
sion medicine approaches for the treatment of diverse cancers [40, 41]. Despite this 
excitement, there are still many aspects of cancer genetics and therapeutic resis-
tance that are poorly understood. CRISPR screens for cancer functional genomics 
fall broadly into three major categories: (1) understanding synthetic lethality and 
identifying potential new therapeutic targets through screening for cancer- and 
stage-specific dependencies; (2) finding genes that drive resistance or sensitivity to 
existing targeted therapies; (3) identifying noncoding regulatory elements that influ-
ence oncogene expression to provide alternative targeting options in cases where the 
oncogene itself may not be druggable.

7.3.1.1  Identifying Cancer-Specific Vulnerabilities

Due to different underlying mutational processes and genome instability, cancer 
cells often evolve different genomic signatures during cancer progression. 
Characterizing cancer-specific vulnerabilities requires finding mutated proteins or 
gene expression programs that are essential to proliferation. These identified targets 
can be candidates for developing targeted therapy.

By applying genome-scale CRISPRn to multiple cancer cell lines, several groups 
have identified shared essential (core) genes across different cancer types [42, 43]. 
For each tumor cell line, we can define context-specific fitness genes by subtracting 
shared essential (core) genes from all essential genes for that tumor. One recent 
study comparing four cancer types discovered several context-specific fitness genes 
in glioblastoma, colorectal carcinoma, cervical carcinoma and melanoma [43]. 
Intriguingly, two different colorectal carcinomas displayed distinct vulnerabilities, 
highlighting the potential for using a genome sequencing and/or functional genomic 
screens to stratify patients.
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For rare tumors, combining CRISPR screens with patient-derived in vitro models 
can be helpful for correlating functional genomic data with known pathological 
features and specific genetic mutations (germline or somatic). In a recently estab-
lished patient-derived cell line for a rare undifferentiated sarcoma, multiple screen-
ing approaches (CRISPRn, RNA interference and pharmacologic screens) converged 
on CDK4 (a cyclin dependent kinase) and XPO1 (a protein involved in nuclear 
transport) as potential therapeutic targets [44]. One powerful aspect of this study 
was that the intersection of all three different screen modalities was used to build 
greater confidence in the genetic hits, suggesting a novel approach to pooled screen 
validation. In addition to patient-derived in vitro models, in vivo mouse models have 
also been employed to understand specific mutations and to characterize multi-cell 
interactions, such as primary tumor growth and distal organ metastasis. In one type 
of in vivo CRISPRn screen, tumor cells are transduced ex vivo with a lentiviral 
sgRNA library and then the mutant cell pool is transplanted into immunocompro-
mised (or syngenic) mice. Using this approach, a study identified loss-of-function 
mutations that contribute to primary tumor growth and cancer metastasis in vivo by 
separately analyzing enriched sgRNA targets in different organs [45]. The identified 
mutations included both well-established tumor suppressor genes, microRNAs 
(miRNAs) and several novel drivers of metastasis. It was shown that mutations that 
drive lung metastasis also stimulate primary tumor growth, suggesting that these 
events are tightly linked for many genetic driver mutations [45]. Another type of in 
vivo CRIPSRn screen delivered a sgRNA library using the piggyBac transposase 
and identified novel tumor suppressor genes associated with liver tumorigenesis 
[46]. Since it can be challenging with non-virally delivered transposase to limit 
genomic integration to only a single sgRNA per cell, secondary validation of screen 
hits is essential to confirm their roles in tumorigenesis.

7.3.1.2  Understanding Mechanisms of Drug Resistance

A major obstacle for targeted therapy is drug resistance: When patients are treated 
with drugs targeting specific oncogenes (such as BRAF in melanoma or EGFR in 
non-small cell lung cancer), they often develop resistance to treatment [47]. 
Genome-wide CRISPRa and CRISPRn screens identified gain-of-function and loss-
of-function mutations in BRAF inhibitor-resistant melanoma, and loss-of-function 
mutations in etoposide-, cytosine arabinoside (Ara-C)- or ATR kinase inhibitor-
resistant myeloid leukemias [6, 7, 48, 49]. A genome-wide CRISPRa screen for 
BRAF inhibitor resistance in melanoma identified potential targets for direct phar-
macological inhibition [24]. This highlights a key difference between CRISPRa 
(gain of function) and CRISPRn (loss of function) approaches. For gain-of-function 
hits from a CRISPRa screen, it is possible to test established target-specific drugs. 
In cases where a direct inhibitor is not available, cell lines containing the mutation 
(or engineered to carry it) can be challenged using a high-throughput drug screen of 
novel compounds.
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For loss-of-function CRISPRn screens, it can be more challenging to translate 
screen hits into drug targets/strategies. For example, a CRISPRn screen identified 
CDC25A loss-of-function as driver of resistance to ATR kinase inhibition in acute 
myeloid leukemia (AML) [49]. A WEE1 (G2 checkpoint kinase) inhibitor could 
restore the ATR inhibitor’s efficacy in the resistant cells by forcing mitotic entry in 
CDC25A-deficient cells [49]. Another approach for overcoming drug resistance is 
to identify multi-gene synthetic-lethal interactions, where resistance stemming 
from a single loss-of-function mutation is reversed by a second loss-of-function 
mutation (synthetic lethality). One recent CRISPRn screen evaluated synthetic 
lethality by delivering two sgRNAs to mutate two genes simultaneously [50]. The 
study attempted to test 1.4 million possible synthetic-lethal interactions among 73 
cancer genes and identified a total of 152 successful pairs demonstrating synthetic 
lethality. In subsequent combinatorial drug validation studies, the researchers vali-
dated roughly 75% of the synthetic lethal combinations discovered. Synergistic 
cytotoxicity identified in CRISPRn screens can be quite informative and can pro-
vide a roadmap for downstream combinatorial drug studies. Similarly, CRISPRa 
screens can also capitalize on multi-gene targeting to identify resistance genes for 
combinatorial inhibition.

7.3.1.3  Examining Noncoding Regulators of Cancer Gene Expression

In addition to protein-coding genes themselves, there are many regions of the non-
coding genome involved in the regulation of protein-coding gene expression. 
CRISPRi was used to identify nine distal enhancers within 1 megabase of sequences 
near MYC and GATA1 oncogenes [17]. MYC is a common oncogenic driver in many 
different cancers [51] and thus mapping enhancer elements that might increase 
MYC expression is important for identifying potential therapeutic targets. 
Additionally, noncoding regulators in T-cell exhaustion was studied with a CRISPRn 
saturating mutagenesis screen [52]. The study mutated all possible sgRNA sites of 
nine regulatory sequences near the Pdcd1 gene which codes for programmed cell 
death protein 1 (PD-1). In the context of cancer immunotherapy, PD-1 inhibition 
has been approved for a wide variety of different malignancies [53]. By correlating 
functional regions with putative transcription factor binding motifs, the study sug-
gests possible upstream therapeutic interventions to inhibit immune checkpoint 
pathways. In general, CRISPR screens can be adapted to detect immune check-
points or regulatory elements of those checkpoints, providing immunotherapeutic 
strategies to block T cells from being deactivated by tumor cells. Besides targeting 
enhancer binding sites, CRISPR screens utilizing saturating mutagenesis or deletion 
can also detect various other types of oncogenic regulators including long noncod-
ing RNAs (lncRNAs) [30], microRNAs (miRNAs) [54], and other important non-
coding regions such as introns and untranslated exons [55].
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7.3.2  CRISPR Screens in Infectious Disease

Pathogenic organisms such as bacteria, parasites, and viruses present a major prob-
lem for human health around the globe [56]. Pooled CRISPR screens have provided 
insight into host-pathogen interactions by identifying host factors that facilitate or 
resist pathogen infections and intrinsic pathogen factors that enhance infection.

Identifying host factors that contribute to pathogenicity is an important step in 
understanding toxicity and treating bacterial infections. CRISPR screens for host-
bacterial interactions tend to focus around two key areas: resistance and sensitizing 
factors. By treating gene-edited cell pools with bacterial toxins or infectious patho-
gens, researchers can identify resistance and sensitizing factors through analysis of 
significantly enriched or depleted genes, respectively. For instance, to study host 
resistance factors against diphtheria and anthrax toxin, a targeted screen of ~300 
genes (including cell surface proteins, and proteins involved in endocytosis, traf-
ficking and cell death) identified four enriched cell-surface receptor genes (PLXNA1, 
FZD10, PECR and CD81) that confer resistance [57]. Upregulation of genes 
involved in resistance might protect cells from intoxication. On the other hand, 
sensitizing factors that facilitate infection can also provide mechanistic insight to 
pathogenesis. For example, studies have shown that Vibrio parahaemolyticus 
employs two type III secretion systems (T3SS) to inject its payload [58]. A genome-
wide CRISPRn screen in human intestinal epithelial cells used a modified Vibrio 
pathogen where either T3SS was removed to identify protein modification path-
ways for pathogen entry that are specific to each T3SS [59]. Down regulation of 
host factors might provide alternative paths to mitigate cytotoxicity in pathogen 
infections.

Similarly, to understand specificity of viral-host interaction, multiple CRISPR 
screens have been used to identify receptors for viral entry and necessary cellular 
components for viral replication in host cells. Host interactions with flaviviruses 
and retroviruses are two key examples. Flaviviruses are a family of arboviruses that 
includes West Nile, Dengue, Zika, and Hepatitis C virus [60–62]. A genome-wide 
CRISPRn screen revealed seven protective genes in the endoplasmic reticulum 
associated protein degradation (ERAD) pathway, where loss-of-function confers 
resistance to West Nile virus-induced cell death but does not block viral replication 
[63]. To look for shared replication facilitators in host cells, a second genome-wide 
screen identified and validated signal peptidase complex 1 (SPCS1) as key require-
ment for flavivirus replication [64]. For viral specific host factors facilitating viral 
replication, a third genome-wide screen discovered distinct host-dependency fac-
tors required for Dengue or hepatitis C virus [65]. Identification of these novel host 
factors provides new avenues for developing specific antiviral therapies. In addition 
to flaviviruses, CRISPR screens have also provided insight into retroviruses, such as 
human immunodeficiency virus (HIV). Although the entry receptors for HIV have 
been well-characterized (e.g. CCR5 and CXCR4), a genome-wide CRISPRn screen 
discovered several new dependencies, including tyrosylprotein sulfotransferase 2 
(TPST2) and solute carrier family 35 member B2 (SLC35B2) [66]. These two 
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 proteins function in a common pathway to sulfate CCR5 so that it can be recognized 
by HIV. Loss of either of these proteins and the modifications they impart to CCR5 
results in strong protection against HIV, suggesting further targets for controlling 
viral load.

Relatively few CRISPR screens have been performed in pathogens themselves 
compared to screens in host organisms. Intrinsic pathogen factors contribute to 
severity of infections and a classic example is the acquisition of antibiotic resis-
tance. Studies have shown that carbapenem-resistant Enterobacteriaceae [67] and 
methicillin-resistant Staphylococcus aureus [68] are resistant to nearly all available 
antibiotics, suggesting that novel antibiotics or treatment options are urgently 
needed for combating antibiotic-resistant bacterial infections. CRISPR screens can 
be implemented to characterize new antibiotics and their mechanisms of action. For 
example, to test a novel antibiotic MAC-0170636, a CRISPRi screen analyzed all 
essential genes in Bacillus subtilis, and identified undecaprenyl pyrophosphate syn-
thetase (uppS), an essential molecule in construction of the bacterial peptidoglycan 
cell wall, as a key target for the antibiotic [69]. In addition to antibiotic resistance in 
bacteria, CRISPR screens have been extended to examine intrinsic factors in other 
types of pathogens, such as parasites. Apicomplexan parasites are one of the leading 
causes of human parasite infections such as malaria and toxoplasmosis [70]. A 
recent study used a CRISPRn screen to target all ~8000 protein-coding genes in 
Toxoplasma gondii [70]. The study defined roughly 200 previously uncharacterized 
fitness genes and identified the claudin-like apicomplexan microneme protein 
(CLAMP) as an invasion factor in the initiation of infection [70]. CLAMP is essen-
tial for parasite infection in fibroblast cells. In malaria, CLAMP knockdown blocks 
the asexual cycle of the parasite, indicating that insights from the pooled screen 
could potentially transfer to other pathogens in the Apicomplexan phylum [70].

7.3.3  CRISPR Screens for Understanding and Treating Inborn 
Genetic Disorders

Inborn genetic disorders are diseases caused by inherited or de novo mutations that 
affect early development. In this area, CRISPR screens have been used to find regu-
lators of hemoglobin switching and novel treatments for mitochondrial disorders.

Hemoglobin disorders, such as beta-thalassemia and sickle-cell anemia, are rela-
tively common. There are >300,000 births each year with severe forms of these 
diseases, which result from defects in the adult form of hemoglobin (β-globin) [71]. 
In early development, an alternative, fetal form of hemoglobin is the dominant oxy-
gen carrier. In patients with β-globin defects, it has been shown that natural variants 
that result in expression of fetal hemoglobin (HbF) prevent severe forms of the 
disease [72]. Through human genetics association studies, the transcriptional repres-
sor BCL11A was found to block expression of HbF. Using a CRISPRn screen in an 
intron of BCL11A, an erythroid-specific enhancer region was identified [31]. 
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Mutagenesis of the enhancer phenocopies knock-out of BCL11A and results in 
 re-activation of HbF. For therapeutic gene editing, this erythroid-specific enhancer 
might be a preferred target since it only reduces BCL11A expression in erythroid 
lineages. A second study by the same group targeted a noncoding region surround-
ing HBS1L-MYB, which contains single-nucleotide polymorphisms associated with 
HbF levels and other red blood cell traits. They identified several regulatory ele-
ments in this region that control MYB expression, which also regulates HbF [33]. 
Taken together, these screens have identified several different regulatory elements 
that are essential to the expression of different forms of hemoglobin. For patients 
with hemoglobin diseases, these studies suggest specific noncoding targets for ther-
apeutic gene editing and also specific regulatory genes that could be inhibited with 
small-molecule drugs.

Mitochondrial disorders encompass a set of diseases that stem from dysfunc-
tions of the mitochondrial respiratory chain [73]. Over 150 genes have been identi-
fied in mitochondrial disease, making it the largest class of inborn errors of 
metabolism. Despite this genetic diversity, most of the current therapeutic strate-
gies utilize broad vitamin supplementation with limited efficacy [74]. A genome-
wide CRISPRn screen used death screening (actively selecting dead cells via 
Annexin V staining) to identify genes linked to mitochondrial disorders [75]. The 
study identified 191 genes that already known to play a role in oxidative phos-
phorylation as well as a handful of previously uncharacterized genes (NGRN, 
RPUSD3, RPUSD4, TRUB2, WBSCR16, PYURF, METTL17, TMEM261, N6AMT1) 
[75]. Other studies have focused on identifying specific targets in the oxidative 
phosphorylation pathway to find new therapeutic approaches. A genome-wide 
CRISPRn screen in a cell line where respiratory chain function was impaired 
(either by antimycin or pyruvate removal) identified the Von Hippel-Lindau (VHL) 
factor as a potential suppressor of mitochondrial disease. VHL was previously 
described as a key regulator of cellular hypoxic response, linking the hypoxia path-
way with mitochondrial metabolism [76]. The protective effects of VHL knock-out 
was further validated in vivo in zebrafish. In a mouse model of Leigh syndrome, 
hypoxia treatment ameliorated a respiratory chain defect in which complex I is 
disrupted and extended lifespan by over threefold [74]. A separate study combined 
a chemical screen with a genome-wide CRISPRn screen to identify factors that 
could rescue defects in complex I of the mitochondrial respiratory chain. The 
chemical screen identified I-BET 525762 as a bromodomain protein inhibitor, and 
the CRISPRn screen revealed that the target of the inhibitor was the bromodomain 
containing protein 4 (BRD4) [77]. Ablating BRD4 increases oxidative phosphory-
lation and, here, the complementary drug screen provided additional support for 
this hit. Both screens suggest that inhibiting the activity of BRD4 might help the 
mitochondria compensate for defects in complex I. Overall these studies highlight 
the potential for new therapeutic approaches and demonstrate that mitochondrial 
disorders require treatments to be tailored for specific genetic lesions or specific 
impairments to respiratory chain complexes.
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7.4  Conclusion and Future Perspectives

In order to develop new therapies for complex diseases, a key challenge is to 
identify genes and other functional elements in the genome involved in pathogene-
sis. With new targeted gene editing technologies, large-scale, pooled genetic screens 
in human cells are significantly easier than with alternative approaches (e.g. trans-
posons, retroviral insertion, chemical mutagenesis). To date, most pooled screens 
have focused on probing one target per cell but future screens can take advantage of 
multiplexing to probe multiple genome targets in a combinatorial fashion. 
Combinatorial approaches can be useful in cancer and infectious disease in the con-
text of synthetic lethality to identify optimal multi-drug cocktails, and also in inborn 
genetic disorders to identify background-specific modifiers for disease severity and 
therapeutic efficiency. With respect to precision medicine, future CRISPR screens 
could be performed in patient-derived cell lines to identify targets specific to the 
patient genetic background or to perturb specific gene variants.

In addition to gene targets, there is tremendous interest in understanding how non-
coding regulatory regions influence gene expression, given that most common-dis-
ease-associated variants are in noncoding regions [78]. A key problem going forward 
for high-throughput pooled screens is to find screenable (cell autonomous) pheno-
types for complex diseases. Traditionally, pooled screens have employed survival 
phenotypes (e.g. resistance to a drug or a pathogen) but many disease-relevant pheno-
types are subtle or difficult to analyze in a pooled format. Despite these challenges, 
new advances in CRISPR pooled screening, such as recent work to combine pooled 
editing with single-cell readouts of RNA, DNA or genome state [79–83], deletions to 
perturb larger regions of the genome [30, 84], and new effector domains for manipu-
lating epigenetic states [11, 27], will improve our understanding of the genetic basis 
of disease and help identify new therapeutic targets for treating these diseases.

References

 1. Mali P, Yang L, Esvelt KM, Aach J, Guell M, DiCarlo JE, Norville JE, Church GM. RNA-
guided human genome engineering via Cas9. Science. 2013;339:823–6.

 2. Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, Hsu PD, Wu X, Jiang W, Marraffini 
LA, Zhang F.  Multiplex genome engineering using CRISPR/Cas systems. Science. 
2013;339:819–23.

 3. Cho SW, Kim S, Kim JM, Kim JS. Targeted genome engineering in human cells with the 
Cas9 RNA-guided endonuclease. Nat Biotechnol. 2013;31:230–2.

 4. Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier E. A programmable dual-
RNA-guided DNA endonuclease in adaptive bacterial immunity. Science. 2012;337:816–21.

 5. Lieber MR, Ma Y, Pannicke U, Schwarz K. Mechanism and regulation of human non-homol-
ogous DNA end-joining. Nat Rev Mol Cell Biol. 2003;4:712–20.

 6. Shalem O, Sanjana NE, Hartenian E, Shi X, Scott DA, Mikkelsen TS, Heckl D, Ebert BL, 
Root DE, Doench JG, Zhang F. Genome-scale CRISPR-Cas9 knockout screening in human 
cells. Science. 2014;343:84–7.

7 Target Discovery for Precision Medicine Using High-Throughput Genome…



140

 7. Wang T, Wei JJ, Sabatini DM, Lander ES. Genetic screens in human cells using the CRISPR-
Cas9 system. Science. 2014;343:80–4.

 8. Joung J, Konermann S, Gootenberg JS, Abudayyeh OO, Platt RJ, Brigham MD, Sanjana NE, 
Zhang F.  Genome-scale CRISPR-Cas9 knockout and transcriptional activation screening. 
Nat Protoc. 2017;12:828–63.

 9. Larson MH, Gilbert LA, Wang X, Lim WA, Weissman JS, Qi LS.  CRISPR interference 
(CRISPRi) for sequence-specific control of gene expression. Nat Protoc. 2013;8:2180–96.

 10. Chavez A, Tuttle M, Pruitt BW, Ewen-Campen B, Chari R, Ter-Ovanesyan D, Haque SJ, 
Cecchi RJ, Kowal EJ, Buchthal J, Housden BE, Perrimon N, Collins JJ, Church G. Comparison 
of Cas9 activators in multiple species. Nat Methods. 2016;13:563–7.

 11. Klann TS, Black JB, Chellappan M, Safi A, Song L, Hilton IB, Crawford GE, Reddy TE, 
Gersbach CA. CRISPR-Cas9 epigenome editing enables high-throughput screening for func-
tional regulatory elements in the human genome. Nat Biotechnol. 2017;35:561.

 12. Shmakov S, Smargon A, Scott D, Cox D, Pyzocha N, Yan W, Abudayyeh OO, Gootenberg JS, 
Makarova KS, Wolf YI, Severinov K, Zhang F, Koonin EV. Diversity and evolution of class 2 
CRISPR-Cas systems. Nat Rev Microbiol. 2017;15:169–82.

 13. Gilbert LA, Larson MH, Morsut L, Liu Z, Brar GA, Torres SE, Stern-Ginossar N, Brandman 
O, Whitehead EH, Doudna JA, Lim WA, Weissman JS, Qi LS. CRISPR-mediated modular 
RNA-guided regulation of transcription in eukaryotes. Cell. 2013;154:442–51.

 14. Wu X, Scott DA, Kriz AJ, Chiu AC, Hsu PD, Dadon DB, Cheng AW, Trevino AE, Konermann 
S, Chen S, Jaenisch R, Zhang F, Sharp PA. Genome-wide binding of the CRISPR endonucle-
ase Cas9 in mammalian cells. Nat Biotechnol. 2014;32:670–6.

 15. Sripathy SP, Stevens J, Schultz DC. The KAP1 corepressor functions to coordinate the assem-
bly of de novo HP1-demarcated microenvironments of heterochromatin required for KRAB 
zinc finger protein-mediated transcriptional repression. Mol Cell Biol. 2006;26:8623–38.

 16. Gilbert LA, Horlbeck MA, Adamson B, Villalta JE, Chen Y, Whitehead EH, Guimaraes C, 
Panning B, Ploegh HL, Bassik MC, Qi LS, Kampmann M, Weissman JS.  Genome-scale 
CRISPR-mediated control of gene repression and activation. Cell. 2014;159:647–61.

 17. Fulco CP, Munschauer M, Anyoha R, Munson G, Grossman SR, Perez EM, Kane M, Cleary 
B, Lander ES, Engreitz JM. Systematic mapping of functional enhancer-promoter connec-
tions with CRISPR interference. Science. 2016;354:769–73.

 18. Maeder ML, Linder SJ, Cascio VM, Fu Y, Ho QH, Joung JK. CRISPR RNA-guided activa-
tion of endogenous human genes. Nat Methods. 2013;10:977–9.

 19. Perez-Pinera P, Kocak DD, Vockley CM, Adler AF, Kabadi AM, Polstein LR, Thakore 
PI, Glass KA, Ousterout DG, Leong KW, Guilak F, Crawford GE, Reddy TE, Gersbach 
CA. RNA-guided gene activation by CRISPR-Cas9-based transcription factors. Nat Methods. 
2013;10:973–6.

 20. Chavez A, Scheiman J, Vora S, Pruitt BW, Tuttle M, Iyer EPR, Lin S, Kiani S, Guzman CD, 
Wiegand DJ, Ter-Ovanesyan D, Braff JL, Davidsohn N, Housden BE, Perrimon N, Weiss 
R, Aach J, Collins JJ, Church GM. Highly efficient Cas9-mediated transcriptional program-
ming. Nat Methods. 2015;12:326–8.

 21. Hilton IB, D’Ippolito AM, Vockley CM, Thakore PI, Crawford GE, Reddy TE, Gersbach 
CA. Epigenome editing by a CRISPR-Cas9-based acetyltransferase activates genes from pro-
moters and enhancers. Nat Biotechnol. 2015;33:510–7.

 22. Dominguez AA, Lim WA, Qi LS. Beyond editing: repurposing CRISPR-Cas9 for precision 
genome regulation and interrogation. Nat Rev Mol Cell Biol. 2016;17:5–15.

 23. Tanenbaum ME, Gilbert LA, Qi LS, Weissman JS, Vale RD. A protein-tagging system for 
signal amplification in gene expression and fluorescence imaging. Cell. 2014;159:635–46.

 24. Konermann S, Brigham MD, Trevino AE, Joung J, Abudayyeh OO, Barcena C, Hsu PD, 
Habib N, Gootenberg JS, Nishimasu H, Nureki O, Zhang F. Genome-scale transcriptional 
activation by an engineered CRISPR-Cas9 complex. Nature. 2015;517:583–8.

 25. Zalatan JG, Lee ME, Almeida R, Gilbert LA, Whitehead EH, La Russa M, Tsai JC, Weissman 
JS, Dueber JE, Qi LS, Lim WA.  Engineering complex synthetic transcriptional programs 
with CRISPR RNA scaffolds. Cell. 2015;160:339–50.

X. Guo et al.



141

 26. Feng J, Fan G. The role of DNA methylation in the central nervous system and neuropsychi-
atric disorders. Int Rev Neurobiol. 2009;89:67–84.

 27. Liu XS, Wu H, Ji X, Stelzer Y, Wu X, Czauderna S, Shu J, Dadon D, Young RA, Jaenisch 
R. Editing DNA methylation in the mammalian genome. Cell. 2016;167:233–247 e217.

 28. Komor AC, Kim YB, Packer MS, Zuris JA, Liu DR. Programmable editing of a target base in 
genomic DNA without double-stranded DNA cleavage. Nature. 2016;533:420–4.

 29. Hess GT, Fresard L, Han K, Lee CH, Li A, Cimprich KA, Montgomery SB, Bassik 
MC. Directed evolution using dCas9-targeted somatic hypermutation in mammalian cells. 
Nat Methods. 2016;13:1036–42.

 30. Zhu S, Li W, Liu J, Chen CH, Liao Q, Xu P, Xu H, Xiao T, Cao Z, Peng J, Yuan P, Brown M, 
Liu XS, Wei W. Genome-scale deletion screening of human long non-coding RNAs using a 
paired-guide RNA CRISPR-Cas9 library. Nat Biotechnol. 2016;34:1279–86.

 31. Canver MC, Smith EC, Sher F, Pinello L, Sanjana NE, Shalem O, Chen DD, Schupp PG, 
Vinjamur DS, Garcia SP, Luc S, Kurita R, Nakamura Y, Fujiwara Y, Maeda T, Yuan GC, 
Zhang F, Orkin SH, Bauer DE. BCL11A enhancer dissection by Cas9-mediated in situ satu-
rating mutagenesis. Nature. 2015;527:192–7.

 32. Sanjana NE, Wright J, Zheng K, Shalem O, Fontanillas P, Joung J, Cheng C, Regev A, Zhang 
F. High-resolution interrogation of functional elements in the noncoding genome. Science. 
2016;353:1545–9.

 33. Canver MC, Lessard S, Pinello L, Wu Y, Ilboudo Y, Stern EN, Needleman AJ, Galacteros F, 
Brugnara C, Kutlar A, McKenzie C, Reid M, Chen DD, Das PP, Cole M, Zeng J, Kurita R, 
Nakamura Y, Yuan GC, Lettre G, Bauer DE, Orkin SH. Variant-aware saturating mutagen-
esis using multiple Cas9 nucleases identifies regulatory elements at trait-associated loci. Nat 
Genet. 2017;49:625.

 34. Wong AS, Choi GC, Cui CH, Pregernig G, Milani P, Adam M, Perli SD, Kazer SW, Gaillard 
A, Hermann M, Shalek AK, Fraenkel E, Lu TK. Multiplexed barcoded CRISPR-Cas9 screen-
ing enabled by CombiGEM. Proc Natl Acad Sci. 2016;113:2544–9.

 35. Zetsche B, Gootenberg JS, Abudayyeh OO, Slaymaker IM, Makarova KS, Essletzbichler P, 
Volz SE, Joung J, van der Oost J, Regev A, Koonin EV, Zhang F. Cpf1 is a single RNA-guided 
endonuclease of a class 2 CRISPR-Cas system. Cell. 2015;163:759–71.

 36. Fonfara I, Richter H, Bratovic M, Le Rhun A, Charpentier E. The CRISPR-associated DNA-
cleaving enzyme Cpf1 also processes precursor CRISPR RNA. Nature. 2016;532:517–21.

 37. Zetsche B, Heidenreich M, Mohanraju P, Fedorova I, Kneppers J, DeGennaro EM, Winblad 
N, Choudhury SR, Abudayyeh OO, Gootenberg JS, Wu WY, Scott DA, Severinov K, van der 
Oost J, Zhang F. Multiplex gene editing by CRISPR-Cpf1 using a single crRNA array. Nat 
Biotechnol. 2017;35:31–4.

 38. Abudayyeh OO, Gootenberg JS, Konermann S, Joung J, Slaymaker IM, Cox DB, Shmakov 
S, Makarova KS, Semenova E, Minakhin L, Severinov K, Regev A, Lander ES, Koonin EV, 
Zhang F. C2c2 is a single-component programmable RNA-guided RNA-targeting CRISPR 
effector. Science. 2016;353:aaf5573.

 39. East-Seletsky A, O'Connell MR, Knight SC, Burstein D, Cate JH, Tjian R, Doudna JA. Two 
distinct RNase activities of CRISPR-C2c2 enable guide-RNA processing and RNA detection. 
Nature. 2016;538:270–3.

 40. de Bono JS, Ashworth A.  Translating cancer research into targeted therapeutics. Nature. 
2010;467:543–9.

 41. Collins FS, Varmus H. A new initiative on precision medicine. N Engl J Med. 2015;372:793–5.
 42. Wang T, Birsoy K, Hughes NW, Krupczak KM, Post Y, Wei JJ, Lander ES, Sabatini 

DM. Identification and characterization of essential genes in the human genome. Science. 
2015;350:1096–101.

 43. Hart T, Chandrashekhar M, Aregger M, Steinhart Z, Brown KR, MacLeod G, Mis M, 
Zimmermann M, Fradet-Turcotte A, Sun S, Mero P, Dirks P, Sidhu S, Roth FP, Rissland OS, 
Durocher D, Angers S, Moffat J. High-resolution CRISPR screens reveal fitness genes and 
genotype-specific cancer liabilities. Cell. 2015;163:1515–26.

7 Target Discovery for Precision Medicine Using High-Throughput Genome…



142

 44. Hong AL, Tseng YY, Cowley GS, Jonas O, Cheah JH, Kynnap BD, Doshi MB, Oh C, Meyer 
SC, Church AJ, Gill S, Bielski CM, Keskula P, Imamovic A, Howell S, Kryukov GV, Clemons 
PA, Tsherniak A, Vazquez F, Crompton BD, Shamji AF, Rodriguez-Galindo C, Janeway KA, 
Roberts CW, Stegmaier K, van Hummelen P, Cima MJ, Langer RS, Garraway LA, Schreiber 
SL, Root DE, Hahn WC, Boehm JS. Integrated genetic and pharmacologic interrogation of 
rare cancers. Nat Commun. 2016;7:11987.

 45. Chen S, Sanjana NE, Zheng K, Shalem O, Lee K, Shi X, Scott DA, Song J, Pan JQ, Weissleder 
R, Lee H, Zhang F, Sharp PA. Genome-wide CRISPR screen in a mouse model of tumor 
growth and metastasis. Cell. 2015;160:1246–60.

 46. Xu C, Qi X, Du X, Zou H, Gao F, Feng T, Lu H, Li S, An X, Zhang L, Wu Y, Liu Y, Li 
N, Capecchi MR, Wu S. piggyBac mediates efficient in vivo CRISPR library screening for 
tumorigenesis in mice. Proc Natl Acad Sci U S A. 2017;114:722–7.

 47. Pagliarini R, Shao W, Sellers WR. Oncogene addiction: pathways of therapeutic response, 
resistance, and road maps toward a cure. EMBO Rep. 2015;16:280–96.

 48. Kurata M, Rathe SK, Bailey NJ, Aumann NK, Jones JM, Veldhuijzen GW, Moriarity BS, 
Largaespada DA. Using genome-wide CRISPR library screening with library resistant DCK 
to find new sources of Ara-C drug resistance in AML. Sci Rep. 2016;6:36199.

 49. Ruiz S, Mayor-Ruiz C, Lafarga V, Murga M, Vega-Sendino M, Ortega S, Fernandez-Capetillo 
O. A genome-wide CRISPR screen identifies CDC25A as a determinant of sensitivity to ATR 
inhibitors. Mol Cell. 2016;62:307–13.

 50. Shen JP, Zhao D, Sasik R, Luebeck J, Birmingham A, Bojorquez-Gomez A, Licon K, Klepper 
K, Pekin D, Beckett AN, Sanchez KS, Thomas A, Kuo CC, Du D, Roguev A, Lewis NE, 
Chang AN, Kreisberg JF, Krogan N, Qi L, Ideker T, Mali P. Combinatorial CRISPR-Cas9 
screens for de novo mapping of genetic interactions. Nat Methods. 2017;14:573.

 51. Dang CV. MYC on the path to cancer. Cell. 2012;149:22–35.
 52. Sen DR, Kaminski J, Barnitz RA, Kurachi M, Gerdemann U, Yates KB, Tsao HW, Godec J, 

LaFleur MW, Brown FD, Tonnerre P, Chung RT, Tully DC, Allen TM, Frahm N, Lauer GM, 
Wherry EJ, Yosef N, Haining WN. The epigenetic landscape of T cell exhaustion. Science. 
2016;354:1165–9.

 53. Ott PA, Hodi FS, Kaufman HL, Wigginton JM, Wolchok JD. Combination immunotherapy: 
a road map. J Immunother Cancer. 2017;5:16.

 54. Golden RJ, Chen B, Li T, Braun J, Manjunath H, Chen X, Wu J, Schmid V, Chang TC, Kopp 
F, Ramirez-Martinez A, Tagliabracci VS, Chen ZJ, Xie Y, Mendell JT. An Argonaute phos-
phorylation cycle promotes microRNA-mediated silencing. Nature. 2017;542:197–202.

 55. Kataoka K, Shiraishi Y, Takeda Y, Sakata S, Matsumoto M, Nagano S, Maeda T, Nagata 
Y, Kitanaka A, Mizuno S, Tanaka H, Chiba K, Ito S, Watatani Y, Kakiuchi N, Suzuki H, 
Yoshizato T, Yoshida K, Sanada M, Itonaga H, Imaizumi Y, Totoki Y, Munakata W, Nakamura 
H, Hama N, Shide K, Kubuki Y, Hidaka T, Kameda T, Masuda K, Minato N, Kashiwase K, 
Izutsu K, Takaori-Kondo A, Miyazaki Y, Takahashi S, Shibata T, Kawamoto H, Akatsuka Y, 
Shimoda K, Takeuchi K, Seya T, Miyano S, Ogawa S. Aberrant PD-L1 expression through 
3′-UTR disruption in multiple cancers. Nature. 2016;534:402–6.

 56. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL, Daszak P. Global trends 
in emerging infectious diseases. Nature. 2008;451:990–3.

 57. Zhou Y, Zhu S, Cai C, Yuan P, Li C, Huang Y, Wei W.  High-throughput screening of a 
CRISPR/Cas9 library for functional genomics in human cells. Nature. 2014;509:487–91.

 58. Coburn B, Sekirov I, Finlay BB. Type III secretion systems and disease. Clin Microbiol Rev. 
2007;20:535–49.

 59. Blondel CJ, Park JS, Hubbard TP, Pacheco AR, Kuehl CJ, Walsh MJ, Davis BM, Gewurz BE, 
Doench JG, Waldor MK. CRISPR/Cas9 screens reveal requirements for host cell Sulfation 
and Fucosylation in bacterial type III secretion system-mediated cytotoxicity. Cell Host 
Microbe. 2016;20:226–37.

 60. Mackenzie JS, Gubler DJ, Petersen LR. Emerging flaviviruses: the spread and resurgence of 
Japanese encephalitis, West Nile and dengue viruses. Nat Med. 2004;10:S98–S109.

X. Guo et al.



143

 61. Petersen LR, Jamieson DJ, Powers AM, Honein MA.  Zika virus. N Engl J  Med. 
2016;374:1552–63.

 62. Simmonds P. Genetic diversity and evolution of hepatitis C virus--15 years on. J Gen Virol. 
2004;85:3173–88.

 63. Ma H, Dang Y, Wu Y, Jia G, Anaya E, Zhang J, Abraham S, Choi JG, Shi G, Qi L, Manjunath 
N, Wu H. A CRISPR-based screen identifies genes essential for West-Nile-virus-induced cell 
death. Cell Rep. 2015;12:673–83.

 64. Zhang R, Miner JJ, Gorman MJ, Rausch K, Ramage H, White JP, Zuiani A, Zhang P, Fernandez 
E, Zhang Q, Dowd KA, Pierson TC, Cherry S, Diamond MS. A CRISPR screen defines a 
signal peptide processing pathway required by flaviviruses. Nature. 2016;535:164–8.

 65. Marceau CD, Puschnik AS, Majzoub K, Ooi YS, Brewer SM, Fuchs G, Swaminathan K, 
Mata MA, Elias JE, Sarnow P, Carette JE. Genetic dissection of Flaviviridae host factors 
through genome-scale CRISPR screens. Nature. 2016;535:159–63.

 66. Park RJ, Wang T, Koundakjian D, Hultquist JF, Lamothe-Molina P, Monel B, Schumann 
K, Yu H, Krupzcak KM, Garcia-Beltran W, Piechocka-Trocha A, Krogan NJ, Marson A, 
Sabatini DM, Lander ES, Hacohen N, Walker BDA. Genome-wide CRISPR screen identifies 
a restricted set of HIV host dependency factors. Nat Genet. 2017;49:193–203.

 67. Falagas ME, Lourida P, Poulikakos P, Rafailidis PI, Tansarli GS.  Antibiotic treatment of 
infections due to carbapenem-resistant Enterobacteriaceae: systematic evaluation of the 
available evidence. Antimicrob Agents Chemother. 2014;58:654–63.

 68. Schito GC. The importance of the development of antibiotic resistance in Staphylococcus 
aureus. Clin Microbiol Infect. 2006;12(Suppl 1):3–8.

 69. Peters JM, Colavin A, Shi H, Czarny TL, Larson MH, Wong S, Hawkins JS, Lu CH, Koo 
BM, Marta E, Shiver AL, Whitehead EH, Weissman JS, Brown ED, Qi LS, Huang KC, Gross 
CA. A comprehensive, CRISPR-based functional analysis of essential genes in bacteria. Cell. 
2016;165:1493–506.

 70. Sidik SM, Huet D, Ganesan SM, Huynh MH, Wang T, Nasamu AS, Thiru P, Saeij JP, 
Carruthers VB, Niles JC, Lourido S. A genome-wide CRISPR screen in toxoplasma identi-
fies essential apicomplexan genes. Cell. 2016;166:1423–1435 e1412.

 71. Weatherall DJ. The inherited diseases of hemoglobin are an emerging global health burden. 
Blood. 2010;115:4331–6.

 72. Uda M, Galanello R, Sanna S, Lettre G, Sankaran VG, Chen W, Usala G, Busonero F, 
Maschio A, Albai G, Piras MG, Sestu N, Lai S, Dei M, Mulas A, Crisponi L, Naitza S, Asunis 
I, Deiana M, Nagaraja R, Perseu L, Satta S, Cipollina MD, Sollaino C, Moi P, Hirschhorn 
JN, Orkin SH, Abecasis GR, Schlessinger D, Cao A. Genome-wide association study shows 
BCL11A associated with persistent fetal hemoglobin and amelioration of the phenotype of 
beta-thalassemia. Proc Natl Acad Sci U S A. 2008;105:1620–5.

 73. Chow J, Rahman J, Achermann JC, Dattani MT, Rahman S. Mitochondrial disease and endo-
crine dysfunction. Nat Rev Endocrinol. 2017;13:92–104.

 74. Jain IH, Zazzeron L, Goli R, Alexa K, Schatzman-Bone S, Dhillon H, Goldberger O, Peng 
J, Shalem O, Sanjana NE, Zhang F, Goessling W, Zapol WM, Mootha VK. Hypoxia as a 
therapy for mitochondrial disease. Science. 2016;352:54–61.

 75. Arroyo JD, Jourdain AA, Calvo SE, Ballarano CA, Doench JG, Root DE, Mootha VK. A 
genome-wide CRISPR death screen identifies genes essential for oxidative phosphorylation. 
Cell Metab. 2016;24:875–85.

 76. Ohh M, Park CW, Ivan M, Hoffman MA, Kim TY, Huang LE, Pavletich N, Chau V, Kaelin 
WG. Ubiquitination of hypoxia-inducible factor requires direct binding to the beta-domain of 
the von Hippel-Lindau protein. Nat Cell Biol. 2000;2:423–7.

 77. Barrow JJ, Balsa E, Verdeguer F, Tavares CD, Soustek MS, Hollingsworth LR t, Jedrychowski 
M, Vogel R, Paulo JA, Smeitink J, Gygi SP, Doench J, Root DE, Puigserver P. Bromodomain 
inhibitors correct bioenergetic deficiency caused by mitochondrial disease complex I muta-
tions. Mol Cell. 2016;64:163–75.

 78. Pickrell JK. Joint analysis of functional genomic data and genome-wide association studies 
of 18 human traits. Am J Hum Genet. 2014;94:559–73.

7 Target Discovery for Precision Medicine Using High-Throughput Genome…



144

 79. Xie S, Duan J, Li B, Zhou P, Hon GC. Multiplexed engineering and analysis of combinatorial 
enhancer activity in single cells. Mol Cell. 2017;66:285–299 e285.

 80. Adamson B, Norman TM, Jost M, Cho MY, Nunez JK, Chen Y, Villalta JE, Gilbert LA, 
Horlbeck MA, Hein MY, Pak RA, Gray AN, Gross CA, Dixit A, Parnas O, Regev A, 
Weissman JS. A multiplexed single-cell CRISPR screening platform enables systematic dis-
section of the unfolded protein response. Cell. 2016;167:1867–1882e1821.

 81. Dixit A, Parnas O, Li B, Chen J, Fulco CP, Jerby-Arnon L, Marjanovic ND, Dionne D, Burks 
T, Raychowdhury R, Adamson B, Norman TM, Lander ES, Weissman JS, Friedman N, 
Regev A. Perturb-Seq: dissecting molecular circuits with scalable single-cell RNA profiling 
of pooled genetic screens. Cell. 2016;167:1853–1866e1817.

 82. Jaitin DA, Weiner A, Yofe I, Lara-Astiaso D, Keren-Shaul H, David E, Salame TM, Tanay A, 
van Oudenaarden A, Amit I. Dissecting immune circuits by linking CRISPR-pooled screens 
with single-cell RNA-Seq. Cell. 2016;167:1883–1896e1815.

 83. Datlinger P, Rendeiro AF, Schmidl C, Krausgruber T, Traxler P, Klughammer J, Schuster 
LC, Kuchler A, Alpar D, Bock C. Pooled CRISPR screening with single-cell transcriptome 
readout. Nat Methods. 2017;14:297–301.

 84. Canver MC, Bauer DE, Dass A, Yien YY, Chung J, Masuda T, Maeda T, Paw BH, Orkin 
SH. Characterization of genomic deletion efficiency mediated by clustered regularly inter-
spaced palindromic repeats (CRISPR)/Cas9 nuclease system in mammalian cells. J  Biol 
Chem. 2014;289:21312–24.

 85. Aguirre AJ, Meyers RM, Weir BA, Vazquez F, Zhang CZ, Ben-David U, Cook A, Ha G, 
Harrington WF, Doshi MB, Kost-Alimova M, Gill S, Xu H, Ali LD, Jiang G, Pantel S, Lee 
Y, Goodale A, Cherniack AD, Oh C, Kryukov G, Cowley GS, Garraway LA, Stegmaier K, 
Roberts CW, Golub TR, Meyerson M, Root DE, Tsherniak A, Hahn WC. Genomic copy 
number dictates a gene-independent cell response to CRISPR/Cas9 targeting. Cancer Discov. 
2016;6:914–29.

 86. Wu Y, Zhou L, Wang X, Lu J, Zhang R, Liang X, Wang L, Deng W, Zeng YX, Huang H, Kang 
T. A genome-scale CRISPR-Cas9 screening method for protein stability reveals novel regula-
tors of Cdc25A. Cell Discov. 2016;2:16014.

 87. Tzelepis K, Koike-Yusa H, De Braekeleer E, Li Y, Metzakopian E, Dovey OM, Mupo A, 
Grinkevich V, Li M, Mazan M, Gozdecka M, Ohnishi S, Cooper J, Patel M, McKerrell 
T, Chen B, Domingues AF, Gallipoli P, Teichmann S, Ponstingl H, McDermott U, Saez-
Rodriguez J, Huntly BJ, Iorio F, Pina C, Vassiliou GS, Yusa K. A CRISPR dropout screen 
identifies genetic vulnerabilities and therapeutic targets in acute myeloid leukemia. Cell Rep. 
2016;17:1193–205.

 88. Erb MA, Scott TG, Li BE, Xie H, Paulk J, Seo HS, Souza A, Roberts JM, Dastjerdi S, Buckley 
DL, Sanjana NE, Shalem O, Nabet B, Zeid R, Offei-Addo NK, Dhe-Paganon S, Zhang F, 
Orkin SH, Winter GE, Bradner JE. Transcription control by the ENL YEATS domain in acute 
leukaemia. Nature. 2017;543:270.

 89. Wallace J, Hu R, Mosbruger TL, Dahlem TJ, Stephens WZ, Rao DS, Round JL, O’Connell 
RM. Genome-wide CRISPR-Cas9 screen identifies MicroRNAs that regulate myeloid leuke-
mia cell growth. PLoS One. 2016;11:e0153689.

 90. Shi J, Wang E, Milazzo JP, Wang Z, Kinney JB, Vakoc CR. Discovery of cancer drug targets 
by CRISPR-Cas9 screening of protein domains. Nat Biotechnol. 2015;33:661–7.

 91. Gayle S, Landrette S, Beeharry N, Conrad C, Hernandez M, Beckett P, Ferguson SM, 
Mandelkern T, Zheng M, Xu T, Rothberg J, Lichenstein H.  Identification of apilimod as 
a first-in-class PIKfyve kinase inhibitor for treatment of B-cell non-Hodgkin lymphoma. 
Blood. 2017;129:1768.

 92. Katigbak A, Cencic R, Robert F, Senecha P, Scuoppo C, Pelletier J. A CRISPR/Cas9 func-
tional screen identifies rare tumor suppressors. Sci Rep. 2016;6:38968.

 93. Song CQ, Li Y, Mou H, Moore J, Park A, Pomyen Y, Hough S, Kennedy Z, Fischer A, Yin H, 
Anderson DG, Conte D Jr, Zender L, Wang XW, Thorgeirsson S, Weng Z, Xue W, Genome-
wide CRISPR. Screen identifies regulators of MAPK as suppressors of liver tumors in mice. 
Gastroenterology. 2016;152:1161.

X. Guo et al.



145

 94. Kiessling MK, Schuierer S, Stertz S, Beibel M, Bergling S, Knehr J, Carbone W, de Valliere 
C, Tchinda J, Bouwmeester T, Seuwen K, Rogler G, Roma G. Identification of oncogenic 
driver mutations by genome-wide CRISPR-Cas9 dropout screening. BMC Genomics. 
2016;17:723.

 95. Phelps MP, Bailey JN, Vleeshouwer-Neumann T, Chen EY. CRISPR screen identifies the 
NCOR/HDAC3 complex as a major suppressor of differentiation in rhabdomyosarcoma. 
Proc Natl Acad Sci U S A. 2016;113:15090–5.

 96. Korkmaz G, Lopes R, Ugalde AP, Nevedomskaya E, Han R, Myacheva K, Zwart W, Elkon 
R, Agami R. Functional genetic screens for enhancer elements in the human genome using 
CRISPR-Cas9. Nat Biotechnol. 2016;34:192–8.

 97. Steinhart Z, Pavlovic Z, Chandrashekhar M, Hart T, Wang X, Zhang X, Robitaille M, Brown 
KR, Jaksani S, Overmeer R, Boj SF, Adams J, Pan J, Clevers H, Sidhu S, Moffat J, Angers S, 
Genome-wide CRISPR. Screens reveal a Wnt-FZD5 signaling circuit as a druggable vulner-
ability of RNF43-mutant pancreatic tumors. Nat Med. 2017;23:60–8.

 98. Koike-Yusa H, Li Y, Tan EP, Velasco-Herrera Mdel C, Yusa K.  Genome-wide recessive 
genetic screening in mammalian cells with a lentiviral CRISPR-guide RNA library. Nat 
Biotechnol. 2014;32:267–73.

 99. Parnas O, Jovanovic M, Eisenhaure TM, Herbst RH, Dixit A, Ye CJ, Przybylski D, Platt RJ, 
Tirosh I, Sanjana NE, Shalem O, Satija R, Raychowdhury R, Mertins P, Carr SA, Zhang F, 
Hacohen N, Regev A. A genome-wide CRISPR screen in primary immune cells to dissect 
regulatory networks. Cell. 2015;162:675–86.

 100. Virreira Winter S, Zychlinsky A, Bardoel BW. Genome-wide CRISPR screen reveals novel 
host factors required for Staphylococcus aureus Alpha-hemolysin-mediated toxicity. Sci Rep. 
2016;6:24242.

7 Target Discovery for Precision Medicine Using High-Throughput Genome…


	Chapter 7: Target Discovery for Precision Medicine Using High-Throughput Genome Engineering
	7.1 Introduction
	7.2 Technologies for CRISPR Screens
	7.2.1 From Gene Editing to Pooled Screens
	7.2.2 Types of CRISPR Screens

	7.3 CRISPR Screen Applications: Genetic Mechanisms of Human Disease and Therapeutic Development
	7.3.1 CRISPR Screens in Cancer for Synthetic Lethality and Drug Resistance
	7.3.1.1 Identifying Cancer-Specific Vulnerabilities
	7.3.1.2 Understanding Mechanisms of Drug Resistance
	7.3.1.3 Examining Noncoding Regulators of Cancer Gene Expression

	7.3.2 CRISPR Screens in Infectious Disease
	7.3.3 CRISPR Screens for Understanding and Treating Inborn Genetic Disorders

	7.4 Conclusion and Future Perspectives
	References


