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Define	your	ques1on	
•  Why	are	you	doing	CRISPR?	

– Gene	knock-out		
– Point	muta1on	

– Dele1on	
– Inser1on	(tag,	lox	sites)	

•  What?	

– NHEJ	or	HDR?		
– Cleave	or	nick	(One	strand	or	two)?	



Define	your	ques1on	

•  When?	

– Condi1onal	or	cons1tu1ve?	
•  Where?	

– Cell	line	or	whole	animal?		

– Tissue	specific?	
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Know	your	gene	
•  Splice	Variants	

– Are	there	consistent	exons?	

– Do	they	all	have	the	same	start?	

– Are	the	exons	in	frame?	

•  How	far	into	the	gene	can	you	go?	

•  Does	your	gene	overlap	with	other	genes?	



			Taken	from:	BIOL	202	Gene1cs	taught	by	Dr.	Paul	Szauter	at	the	University	of	New	Mexico	
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Your	Favorite	Protein	

Ac1ve	Site	
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Other	considera1ons	

Residual	protein	
– If	a	whole	exon	was	removed	

– If	an	alternate	ATG	can	be	ac1vated	
– If	the	stop	codon	isn’t	introduced	in	the	
right	place	



NMD	

•  Nonsense	mediated	decay	
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Modified from Zhang MQ Nat Rev Genet. 2002 Sep;3(9):698-709.
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ATG Stop PolyA site 

1 2 3 4 

Stop	codon	must	be	in	last	exon,	or	within	50	bp	of	last	junc1on	

STOP	

<50	bp	



Regula1on	of	nonsense-mediated	mRNA	decay.	Huang	L,	Wilkinson	MF.	(2012)	



Genomic	Considera1ons	

•  Family	members	

•  Pseudogenes	

•  Condi1onal	Knockouts	

– Control	regions	(Promoter,	Enhancer)	

– Overlapping	genes	



Guide	Design	
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Posi1ve	Selec1on		

•  G/C	content	

•  Base	Preferences	



Wang,	Science	2014	

Doench,	Hartenian,	Nature	Biotech.	2014	



sgRNA Designer 
http://www.broadinstitute.org/rnai/public/analysis-tools/sgrna-design

Score	is	from	0	to	1,	the	higher	the	beler.			
Over	0.2	is	supposed	to	work	well	



“Facts	are	stubborn	things,		
but	sta1s1cs	are	more	pliable.”	

A	group	at	WIS	designed	CRISPR	based	on	off-target	
alone,	and	retroac1vely	checked	the	posi1ve	scores:	
One	scored	0.0629	and	the	other	scored	0.04859.			
They	both	worked	beau1fully.	
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OFF	TARGET	HAPPENS	







Zhang lab  http://crispr.mit.edu/

E-CRISP    http://www.e-crisp.org/E-CRISP/

CHOPCHOP   https://chopchop.rc.fas.harvard.edu/

ZIFIT      http://zifit.partners.org/ZiFiT/

GT-Scan    http://gt-scan.braembl.org.au/

COSMID     https://crispr.bme.gatech.edu/

sgRNAcas9  http://www.biootools.com/

CasOT      http://eendb.zfgenetics.org/casot/

DNA 2.0    https://www.dna20.com/eCommerce/cas9/input

Off	Target	programs	



Considera1ons	in	off-target	
•  Mismatches	

•  PAM	

•  G/C	content	
•  Is	an	ini1al	G	required?	
•  What	version	of	the	genome	is	used?	

•  Are	the	criteria	updated?	
•  Does	it	come	with	primer	design?	



Mismatches	

•  How	many	mismatches	are	allowed?	

– 2,	3,	4	or	more?	

•  Where	are	the	mismatches	allowed?	

– PAM	proximal	as	compared	to	PAM	distal	

•  What	type	of	mismatches	are	allowed?	

– Inser1ons	and	dele1ons?	
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PAM	

•  NGG	is	the	‘classic’	but	others	may	be	
acceptable	
– NAG	
– Possibly	others	
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G/C	content	

•  For	ac1vity,	a	higher	G/C	content	is	preferred	

•  For	specificity,	a	lower	G/C	content	is	preferred	
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How	can	you	double	check?	

•  Run	your	own	Blast	(but	change	the	
parameters)	

•  Make	sure	you	don’t	have	a	genomic	repeat	
sequence	

•  Check	if	the	genome	sequence	is	masked	
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Repair	Oligo	Design	

•  Keep	in	mind:	
– We	don’t	want	the	repair	oligo	to	be	cleaved,	if	
possible	mutate	the	PAM,	if	not,	introduce	
mismatches	

– Add	or	delete	cleavage	site	for	screening	
– Don’t	add	muta1ons	to	far	from	each	other,	need	
at	least	60bp	flanking,	and	a	total	length	of	no	
longer	than	200bp	



Other	issues	

Lox	sites	for	condi1onal	muta1ons	may	fold	
over	on	themselves	(partly	palindromic)	



CRISPR	Screening	
Considera1ons	



So,	you’ve	done	CRISPR…	
now	we	have	see	if	it	worked	

•  Screening	of	CRISPR	experiments	is	as	variable	
as	the	types	of	use	of	CRISPR	

•  Different	uses	will	have	different	methods	of	
screening	

•  Some	types	have	more	op1ons	than	others	



Ac1vity	vs	Muta1on	

In	cases	where	we	are	trying	to	knockout	or	
mutate	a	protein,	do	we	check	the	DNA	for	
muta1on,	or	do	we	‘go	for	the	gold’	and	check	
protein	presence	or	ac1vity?	



Types	of	indel	screening		

•  EMC	(Enzyme	Mismatch	Cleavage)		
– Surveyor,	T7E1,	etc	

•  HRM	(High	Resolu1on	Melt)	
•  IDAA	(Indel	Detec1on	by	Amplicon	Analysis)	
•  PCR	
•  Sequencing	
– NGS		
– Sanger	



EMC	

Ran	FA	et	al,	Genome	engineering	using	the	CRISPR-Cas9	system,	Nature	Protocols	(2013)		
	





HRM	

Thomas,	HR	et	al.	High-Throughput	Genome	Edi1ng	and	Phenotyping	Facilitated	by	High		
Resolu1on	Mel1ng	Curve	Analysis.	PlosOne		2014	
	
	





IDAA	

Yang	Z	et	al,	Fast	and	sensi1ve	detec1on	of	indels	induced	by	precise	gene	targe1ng.	NAR	2015		
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Amplicon	size	

•  EMC:		Surveyor:	400-800	

•  HRM:		50-100	bp	

•  IDAA:		250-450	

•  NGS:		Depends	on	kit	



Which	is	beler?	

•  EMC,	HRM,	IDAA	only	tell	you	of	the	presence	
of	a	change,	and	some1mes	the	length,	but	
not	the	exact	muta1on	

•  Sequencing	gives	the	exact	muta1on,	but	is	
more	work	and	more	expensive	



Indel	vs	Dele1on	

•  Current	design	recommenda1ons	are	to	use	
two	guides	where	possible	for	easier	
screening,	as	if	both	work,	you	can	easily	see	a	
size	difference	in	a	regular	PCR	

•  But	if	only	one	works,	there	may	s1ll	be	an	
indel	based	muta1on	in	one	site,	but	it	won’t	
be	detected	by	a	standard	PCR	



Other	issues	

•  Large	dele1ons	
– Long	Range	PCR	is	very	tricky	

•  Blastocysts	give	messy	PCR/sequence	

•  G/C	rich	sequence	



Contact	Info	
CRISPR	Team:	Shifra,	Noa,	Irit	

Phone:		2470		

Email:	shifra.ben-dor@weizmann.ac.il	

hlp://bip.weizmann.ac.il/toolbox/target/dna/cripsr.html	


