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•  Introduc)on	to	CRISPR/Cas9	system	

•  Delivery	op)ons	-	Len)viral	vectors	versus	RNPs	

•  gRNA	design	
•  Important	considera)ons	
•  Available	online	tools	

•  Determining	CRISPR	efficiency	–	genotyping	cell	pools	(TIDE)	

Overview	

•  Prac)cal	example	



Introduc)on	to	CRISPR/Cas9	

hKps://www.addgene.org/guides/crispr/	

•  CRISPR-associated	
endonuclease	(Cas	protein)	

•  gRNA		
(=	scaffold	+	20	bp	spacer)	

Components:	gRNA	

PAM+Target	

Gene	of	
interest	



•  Co-express	Cas9	with	specific	gRNA	

•  gRNA	must	meet	two	requirements	
1.  Unique	sequence	
2.  Target	sequence	is	immediately	adjacent	

to	a	Protospacer	Adjacent	Mo)f	(PAM)	

•  Binding	site	for	Cas	protein	
•  Specific	for	different	Cas	proteins	
•  3’-NGG	for	S.pyogenes	Cas9	(SpCas9)	

•  PAM	sequence	

Genera)ng	a	Knock-Out	with	CRISPR/Cas9	



Ribonucleoprotein		
(RNP)	complex	

“inac)ve”	

“ac)ve”	

hKps://www.addgene.org/guides/crispr/	

Genera)ng	a	Knock-Out	with	CRISPR/Cas9	

Spacer	

Scaffold	

Complex	forma)on	

Cas9:gRNA	complex	



3’	5’	

hKps://www.addgene.org/guides/crispr/	

Genera)ng	a	Knock-Out	with	CRISPR/Cas9	

Target	cleavage	(DSB)	

Target+PAM	



Zhang	et	al.,	2015	



hKps://www.addgene.org/guides/crispr/	

Genera)ng	a	Knock-Out	with	CRISPR/Cas9	

Target	cleavage	(DSB)	

Target+PAM	

3’	5’	



hKps://www.addgene.org/guides/crispr/	

NHEJ	(Non-Homologous	End	Joining)	

Genera)ng	a	Knock-Out	with	CRISPR/Cas9	

WT	

Inser)on	

Dele)on	
Frameshii	



•  gRNA	must	target	a	specific,	unique	sequence.	

•  Spacer	sequence	must	be	directly	adjacent	to	a	PAM	sequence.	

•  The	commonly	used	U6	promoter	requires	a	guanosine	
nucleo)de	to	ini)ate	transcrip)on.	

•  The	number	of	off-target	sites	with	mismatches	must	be	kept	
to	a	minimum.	

•  CRISPR-KO,	CRISPRi	or	CRISPRa	require	different	posi)ons	of	gRNA.	

gRNA	design	–	Important	considera)ons	

•  The	gRNA	efficiencies	for	a	single	target	vary	drama)cally	(weak/strong	
secondary	structures,	chroma)n	accessibility,	…)	

BioinformaDc	tools	for	gRNA	design		
(with	filters	/	‘scores’	to	predict	effec)veness)	



gRNA	design	–	Available	tools	

Genome	
Browser	



•  hKps://portals.broadins)tute.org/gpp/public/analysis-tools/
sgrna-design	

•  Mul)ple	genes	as	input	

•  Dis)nguishes	between	CRISPR-KO,	CRISPRi	and	CRISPRa	

•  Clear	and	detailed	output,	picks	top	gRNAs	

•  Fast	and	easy	



GATA2	

X	

hKps://portals.broadins)tute.org/gpp/public/analysis-tools/sgrna-design	



NM_032638	

X	

hKps://portals.broadins)tute.org/gpp/public/analysis-tools/sgrna-design	



TTGTGCAGCTTGTAGTAGAGGCCACAGGCGTTGCAGAC
AGGGTCCCCGTTGGCGTTTCGGCGCCATAAGGTGGTGG
TTGTCGTCTGACAATTTGCACAACAGGTGCCGGCTCTTC
TGGCGGCCGA	

X	

hKps://portals.broadins)tute.org/gpp/public/analysis-tools/sgrna-design	



hKps://portals.broadins)tute.org/gpp/public/analysis-tools/sgrna-design	

txt-file:	
sgRNA	Sequence	
Exon	number	
On-	and	off-Target	ranks	
Picking	order	
…	

Broad	Ins)tute	GPP	-	Output	



gRNA	design	–	Available	tools	

Genome	
Browser	



•  chopchop.cbu.uib.no	

•  Fast	and	easy	

•  Clear	overview	of	gRNA	posi)ons	within	the	target	gene	

•  Calculates	primer	sequences	for	genotyping	of	each	provided	gRNA	

•  Ranks	gRNAs	by	off-targets	and	CRISPR	efficiency	

•  Just	one	gene	or	genomic	region	as	input	



chopchop.cbu.uib.no	



Op)ons	



…	

Op)ons	



Op)ons	



chopchop.cbu.uib.no	



…	

GATA2	

chopchop.cbu.uib.no	



GATA2	

chopchop.cbu.uib.no	

ATG	



chopchop.cbu.uib.no	



gRNA	design	–	Available	tools	

Genome	
Browser	



Genome	
Browser	

•  Shows	DNA	sequences	targetable	by	CRISPR	RNA	guides	using	
SpCas9	over	the	en)re	human	genome.	

•  Shows	the	predicted	specificity	(off-target	effects)	and	
predicted	efficiency	(on-target	cleavage).	

•  Broad	collec)on	of	vertebrate	and	model	organism	
assemblies	and	annota)ons.	

•  hKps://genome.ucsc.edu/	



hKps://genome.ucsc.edu/index.html	



hKps://genome.ucsc.edu/index.html	



hKps://genome.ucsc.edu/index.html	



GATA2	

hKps://genome.ucsc.edu/index.html	



hKps://genome.ucsc.edu/index.html	



CRISPR	Targets	

hKps://genome.ucsc.edu/index.html	



Exon	5	

hKps://genome.ucsc.edu/index.html	



hKps://genome.ucsc.edu/index.html	



hKps://genome.ucsc.edu/index.html	



hKps://genome.ucsc.edu/index.html	



ConsDtuDve	expression	
of	Cas9	and	gRNA	

Transient	transfecDon	
of	RNP-complex	

gRNA-sequence	designed	–	what	now?	



•  Cas9	and	gRNA	can	be	present	in	single	or	separate	transfer	vectors.	

•  May	contain	reporter	gene	(e.g.	GFP)	or	selec)on	marker	
(e.g.	Puromycin)	to	iden)fy	and	enrich	for	posi)ve	cells.	

•  Packaging	and	envelope	plasmids	provide	the	necessary	
components	to	make	len)viral	par)cles.	

•  Len)viral	vectors	(hKps://www.addgene.org)	

Cons)tu)ve	expression	of	Cas9	and	gRNA	



hKps://www.benchling.com/2016/03/24/how-to-express-crispr-in-your-target-cells/	

Viral	RNA	

Viral	DNA	

Packaging	Envelope	 Cas9+gRNA	

Target	cell	
Len)viral	par)cle	with	

Cas9	and	gRNA	



ConsDtuDve	expression	
of	Cas9	and	gRNA	

Transient	transfecDon	
of	RNP-complex	

gRNA-sequence	designed	–	what	now?	



crRNA	and	tracrRNA	complex	to	form	gRNA	

crRNA	 tracrRNA	

hKps://www.idtdna.com/pages/products/crispr-genome-edi)ng/alt-r-crispr-cas9-system	

Anneal	

Complex	

Deliver	



Transient	transfec)on	of	RNPs	

Cas9crRNA

tracrRNA
ATTO	550

Ribonucleoprotein	(RNP)

NGG

cells	

target	gene	



•  Introduc)on	to	CRISPR/Cas9	system	

•  Delivery	op)ons	-	Len)viral	vectors	versus	RNPs	

•  gRNA	design	
•  Important	considera)ons	
•  Available	online	tools	

•  Determining	CRISPR	efficiency	–	genotyping	cell	pools	(TIDE)	

Overview	

•  Prac)cal	example	



Genotyping	of	targeted	cell	pools	

X	 X	

cells	with	muta)ons	
(inser)ons/dele)ons	–	indels)	

CRISPR-knockout	
experiment	



Genotyping	of	targeted	cell	pools	

Cut	site	

gRNA	

target	gene	

forward	primer	 reverse	primer	
200	bp	 500	bp	

PCR	 Sanger	sequencing	



Quan)fica)on	of	genome	edi)ng	efficiency	
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hKps://)de.deskgen.com/	



Prac)cal	example	

•  gRNA	design	–	Broad	Inst.,	chopchop,	UCSC	
•  gRNA	delivery	-	Len)viral	vs.	RNPs	
•  gRNA	efficiency	–	Genotyping	using	TIDE	

Example:	
Knock-out	the	gene	Tet2	in	a	murine	cell	line	(gRNA	
should	not	be	cons)tu)vely	expressed)	and	determine	
knock-out	efficiency.	



Step	1:	gRNA	design	



Step	1:	gRNA	design	

product	size:	from	700	to	1000	bp	(for	TIDE)	



Step	1:	gRNA	design	

Tet2	



Step	1:	gRNA	design	



Step	2:	gRNA	delivery	

•  Order	crRNA	(Tet2-specific),	tracrRNA	and	recombinant	Cas9	at	IDT	(idt.dna.com)	

•  Nucleofect	pre-assembled	RNP	(crRNA+tracrRNA+Cas9)	into	murine	cells	

Cas9crRNA

tracrRNA
ATTO	550

Ribonucleoprotein	(RNP)

NGG

murine	cells	

Tet2	



Step	3:	gRNA	efficiency	

•  PCR	amplify	wild-type	(control)	and	Tet2-targeted	murine	cells	

•  Perform	Sanger	sequencing	of	PCR-amplified	fragment	

•  Analyse	with	TIDE	

dele)on	 inser)on	
0	 5	 10	-5	-10	-15	 15	

total	eff.	=	41.5	%	 R2	=	0.93	



Use	controls.	

Try	out	the	online	tools.	

Check	the	literature.	

Addi)onal	sugges)ons	



grebienlab.com @HeyesElizabeth 

Thanks for your attention! 

elizabeth.heyes@vetmeduni.ac.at 


