
Gene	edi'ng	with	CRISPR	

What	is	CRISPR	and	why	is	it	important?	
	
	

Background	
	

Prac'cal	example	(DIY	CRISPR	kit)	









CRISPR	
CRISPR	=	Clustered	Regularly-Interspaced	Short	Palindromic	Repeats	
	
Bacterial	defense	mechanism	against	bacteriophages	
Bacteriophages:	viruses	that	infect	bacteria	
Adap%ve/acquired	immunity	in	bacteria	
	
Can	be	used	for	targeted	gene	edi%ng	in	many	eukaryo'c	species		
	
Main	elements:	Cas9	(CRISPR	associated	protein	from	Streptococcus	
pyogenes)	is	an	endonuclease	that	makes	double	stranded	cuts	to	DNA	
	
gRNA:	guide	RNA	=	sequence	used	by	Cas9	for	targe'ng	(tracrRNA	+	crRNA)	
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Ly)c	bacteriophage	life	cycle	



Restric)on	Enzymes	
Basis	for	gene	cloning/splicing	for	the	last	40	yrs	
	
Also	a	bacterial	defense	mechanism	against	bacteriophage	
	
Endonucleases	–	cut	double	stranded	DNA	(dsDNA)	
	
Specific	recogni'on	sequences	
	
Below	–	EcoRI	(Escherichia	coli	Restric'on	enzyme	I)	
	

ATGGTCAGTACTGCATAGCTGAATTCGATACGATACTACTCCGTAGCTGATTAG 
TACCAGTCATGACGTATCGACTTAAGCTATGCTATGATGAGGCATCGACTAATC 

ATGGTCAGTACTGCATAGCTG 
TACCAGTCATGACGTATCGACTTAA	

                     AATTCGATACGATACTACTCCGTAGCTGATTAG 
                         GCTATGCTATGATGAGGCATCGACTAATC 

ATGGTCAGTACTGCATAGCTGAATTCGATACGATACTACTCCGTAGCTGATTAG 
TACCAGTCATGACGTATCGACTTAAGCTATGCTATGATGAGGCATCGACTAATC 

m	

m	





h\ps://www.nobelprize.org/nobel_prizes/medicine/
laureates/2007/smithies-facts.html	

Targeted	gene	
knockouts	
in	mice	
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Homologous	recombina)on	
	

Reciprocal	exchange	of	DNA	between	iden'cal/near	iden'cal	DNA	sequences	
Cri'cally	important	in	meiosis	

Meiosis	IS	the	fundamentally	central	event	in	sexual	reproduc'on	in	ALL	eukaryotes	
yeast,	birds,	bees,	humans	

Generates	diverse	combina'ons	of	genes	in	all	progeny	

Also	involved	in	DNA	repair	(good)	
Genome	re-arrangements	(bad)	
	
Very	'ghtly	regulated	
	
Eukaryotes	are	full	of	repe''ve	sequence	
Non	gene	coding	sequence	
Junk	DNA	–	or	not	
	
Sequences	that	are	repeated	a	lot	
Humans	are	>50%	repe''ve	
Many	plants	are	>70	%	



Homologous	recombina'on	
	

AGCTGTTGTACGGTACGGTCAGATCGATCTCGTCCCTAAA 
TCGACAACATGCCATGCCAGTCTAGCTAGAGCAGGGATTT 

AGCTGTCGTACGGTACGGTCAGATCGATCTCGTCACTAAA 
TCGACAGCATGCCATGCCAGTCTAGCTAGAGCAGTGATTT 

X

AGCTGTTGTACGGTACGGTCAGATCGATCTCGTCACTAAA 
TCGACAACATGCCATGCCAGTCTAGCTAGAGCAGTGATTT 

AGCTGTCGTACGGTACGGTCAGATCGATCTCGTCCCTAAA 
TCGACAGCATGCCATGCCAGTCTAGCTAGAGCAGGGATTT 

Single	crossover	



Homologous	recombina'on	
	

AGCTGTTGTACGGTACGGTCAGATCGATCTCGTCCCTAAA 
TCGACAACATGCCATGCCAGTCTAGCTAGAGCAGGGATTT 

AGCTGTCGTACGGTACGGTCAGATCGATCTCGTCACTAAA 
TCGACAGCATGCCATGCCAGTCTAGCTAGAGCAGTGATTT 

X

AGCTGTTGTACGGTACGGTCAGATCGATCTCGTCACTAAA 
TCGACAACATGCCATGCCAGTCTAGCTAGAGCAGTGATTT 

AGCTGTCGTACGGTACGGTCAGATCGATCTCGTCCCTAAA 
TCGACAGCATGCCATGCCAGTCTAGCTAGAGCAGGGATTT 

Single	crossover	

X

Single	crossover	
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Cas9	 Cas1	 Cas2	 Csn2	

Cas9	 Cas1	 Cas2	 Csn2	

Figure	adapted	from	Sampson	and	Weiss,	Cell.	Infect.	Microbiol.	4:1	

CRISPR	Array	
repeats	–	black	lines	
*DNA	as	memory*	

	
Both	repeats	and	spacers	are	30-60	bp	

CRISPR	associated	genes	

Class	2	CRISPR	array	
Streptococcus	pyogenes	

CAS9	–	endonuclease	cuts	dsDNA	
CAS1,	CAS2,	CSN2	–	recognize/process	foreign	DNA	
	
Foreign	DNA	recognized	as	it	is	replica'ng	faster,	more	nicks/breaks	present	
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(Protospacer	Adjacent	Mo'f	=	NGG)	

Guide	RNA	composed	of	
crRNA	(from	CRISPR	array)	
tracrRNA	(trans-ac'ng	crRNA)	



ds	DNA	break	generated	
triggers	DNA	repair	machinery	
no	repair	template	
messy	repair	(NHEJ)	



C	 C	

If	you	supply	an	exogenous	
homologous	template	then	
a	clean	homologous	repair		
pathway	will	become	involved	
clean(er)	repair	



GAATTC	–	occurs	once	every	46	=	4096	base	pairs	
	
E.	coli	genome	~	4.3	Mb	(4,300,000)	bp	
	
GAATTC	occurs	~1050	'mes	
	
20	bp	sequence	occurs	once	every	420	=	1,000,000,000	bp	(1	Gb)	
	
For	mammals,	this	is	an	issue	human	genome	is	3	Gb	
	
Also,	there	is	mismatch	tolerance	in	a	homology	search	
	
TGTGACTGATATCGTCAGAT		vs	TGTGACTGAAATCGTCAGAT	
	
Op'ons:	
Higher	fidelity	enzymes	–	from	different	species	or	re-engineering	of		
exis'ng	enzymes	
More	specific	gRNAs	

Off	target	effects	of	CRISPR	



h\ps://en.wikipedia.org/wiki/CRISPR/Cas_Tools	

CRISPR/gRNA	Design	tools	
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pCRISPR::rpsL	pCAS9	

Tube	1:	Cas9	and	tracrRNA	Plasmid,	Cmr	 Tube	2:	Bacterial	crRNA	Plasmid,	Kmr	



E.	coli	HME63	galK	tyr145UAG	∆lacU169	mutS<>amp	[l	cI857.	∆(cro-bioA)]	

cI;	the	λ	repressor.			cI857,	is	temperature	sensi've	(the	protein	is	ac've	at	32	degrees	
cen'grade	but	inac'vated	at	39	degrees	cen'grade)	
	
mutS	–	mismatch	repair	defec've	(increases	recombina'on)	
	
A>C	at	bp	127	in	rpsL	(ribosomal	protein	subunit	S12)	causes	a	K43T	(Lysine	>	Tryptophan)	
subs'tu'on	resul'ng	in	resistance	to	Streptomycin	
	
>rpsL_Ecoli_MG1655	
atgGCAACAGTTAACCAGCTGGTACGCAAACCACGTGCTCGCAAAGTTGCGAAAAGCAACG
TGCCTGCGCTGGAAGCATGCCCGCAAAAACGTGGCGTATGTACTCGTGTATATACTACCAC
TCCTAAAAAACCGAACTCCGCGCTGCGTAAAGTATGCCGTGTTCGTCTGACTAACGGTTTC
GAAGTGACTTCCTACATCGGTGGTGAAGGTCACAACCTGCAGGAGCACTCCGTGATCCTGA
TCCGTGGCGGTCGTGTTAAAGACCTCCCGGGTGTTCGTTACCACACCGTACGTGGTGCGCT
TGACTGCTCCGGCGTTAAAGACCGTAAGCAGGCTCGTTCCAAGTATGGCGTGAAGCGTCCT
AAGGCTtaa 
	
>W542_rpsL_A>C	
ATACTTTACGCAGCGCGGAGTTCGGTTTTgTAGGAGTGGTAGTATATACACGAGTACAT 



Streptomycin	+	kanamycin	plates	

pCAS9	only	 pCAS9	+	pCRISPR	+	W542-oligo	



CAS9	







390	bp							


