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DESIGN OF gRNAs  
 
For designing necessary primers and oligos for gRNA, online CRISPR designing tools can 
be used (e.g. http://crispr.mit.edu/, https://benchling.com).  
 
Assembly of gRNA transcriptional cassettes by PCR 
 
With this method (described in Balboa et al., Stem Cell Reports, 2015), gRNA expression 
cassettes can be generated in a single PCR reaction using only one 59 nt long oligo which 
contains the gRNA of interest. In the same reaction the tailed U6 promoter and tailed 
terminator are used. Instead of cloning gRNAs by hybridization of Fw and Rv oligos and 
ligation in the BbsI site of an opened destination plasmid, which is time and reagent 
consuming, PCR amplification enables the generation of short products that include the U6 
promoter, the gRNA sequence and the terminator, in high concentrations and ready to use. 
 
The gRNA oligo contains: 19 bp matching U6 promoter – an extra G nucleotide (for proper 
RNA transcription) -20 bp gRNA- and 19bp matching tracRNA. 
 
gRNA sequence: 59 nt 
Fw oligo to do PCR 
 
5’- GTGGAAAGGACGAAACACCgNNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAG -3’ 
 
 

 
 
 
 
PREPARATION OF U6 PROMOTER AND TERMINATOR FOR PCR 
 
Digest any plasmid containing an U6 promoter to obtain a linear DNA template for PCR. 
(e.g. PX335) with BbsI and PvuI. 
Cut the aprox.1500 bp band from the gel and purify it with the kit (Macherey-Nagel/ Biotop). 
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AMPLIFICATION OF TAILED U6 AND TAILED TERMINATOR 
 
Set up the PCR for amplifying the U6 tailed promoter by using  
 
As the template: 
  The previously digested U6 promoter 20 ng 
 
As the primers: 
 5p tailed U6 prom Fw: GTAAAACGACGGCCAGTGagggcctatttcccatgattc 
 U6 prom Rv: GGTGTTTCGTCCTTTCCAC 
 
Use the purified U6 promoter as a template and set up the following reaction (set up the 
reaction 5x or more to get enough product): 
 
5x HF buffer    4 ul    Thermal cycle: 
dNTP (2,5 mM)   1,6 ul    1x  98°C - 3’ 
U6 prom Fw (10 uM)   1 ul   35x 98°C - 10’’  
U6 prom Rv (10 uM)  1 ul    60°C - 30’’ 
Phusion (Thermo Scientific) 0,2 ul    72°C - 9’’ 
U6 template (20 ng)   x   1x 72°C - 8’ 
H2O     x (up to 20 ul) 
Total     20 ul 
 
Purify the PCR product from the gel using a column system (kit). 
 
 
Set up the PCR for amplifying the tailed terminator by using 
 
As the template: 
 
 Long reverse oligo TermRv80bp Fw: 1 uL 
AAAAAAAgcaccgactcggtgccactttttcaagttgataacggactagccttattttaacttgctaTTTCtagctctaaaac 
 
As the primers: 
 

3p tailed term 80 bp Rv: 
AGGAAACAGCTATGACCATGAAAAAAAgcaccgactcggtgccac 

 
Term80 Fw: gttttagagctaGAAAtagcaag 

 
Total volume 100 ul, other components and thermal cycle as used above. Load everything 
on 1 % agarose, cut the bands and purify with the kit.  
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Sequences: 
 
U6 promoter tailed on 5’: 266bp 
 
GTAAAACGACGGCCAGTgagggcctatttcccatgattccttcatatttgcatatacgatacaaggctgttagagagat
aattggaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagtt
ttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggctttatatatcttGTGGAAAGG
ACGAAACACC 
 
Terminator tailed on 3’ 103 bp 
 
gttttagagctaGAAAtagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgcTTTTTT
TCATGGTCATAGCTGTTTCCT 
 
Final PCR product: 
 
actgaattcggatcctcGAGCGTCTCACCCTGTAAAACGACGGCCAGTgagggcctatttcccatgattcctt
catatttgcatatacgatacaaggctgttagagagataattggaattaatttgactgtaaacacaaagatattagtacaaaatacgt
gacgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagt
atttcgatttcttggctttatatatcttGTGGAAAGGACGAAACACCgNNNNNNNNNNNNNNNNNNNNgtt
ttagagctaGAAAtagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgcTTTTTTT
CATGGTCATAGCTGTTTCCTCATGTGAGACGagatctgtcgacgcggccgcatg 
 
 
 
 
Generation of gRNA-PCR products from gRNA 59 bp oligos 
 
5x HF buffer    20 ul   Thermal cycle: 
dNTP (2,5 mM)   8 ul   1x  98°C - 3’ 
gRNA (1uM)   2 ul   35x 98°C - 10’’ 
1aggc Fw (100 uM)*   0,5 ul    52°C - 30’’ 
1aggc Rv (100 uM)*  0,5 ul    72°C - 12’’ 
Phusion (Thermo Scientific) 1 ul   1x 72°C - 8’  
U6 prom Tailed (5 ng)  x    
Term tailed (5 ng)   x 
H2O     x (up to 100 ul) 
Total     100 ul 
 
*= These primers can be used or the corresponding ones (2,3,4,5) if needed  
 
Check the PCR products on a gel, 3-5 ul is enough, and if the size is correct the gRNAs can 
be purified through the column and their concentrations measured. After purification they 
are ready to use for the transfection or electroporation. 
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1_aggc_Fw:	(incorporates	EcoRI-BamHI-XhoI	sites	that	can	be	used	to	clone	the	amplified	
gRNA	transcriptional	unit,	U6-gRNA-terminator	into	different	vectors)	
	
actgaattcggatcctcGAGCGTCTCACCCTGTAAAACGACGGCCAGT	
	
1_aggc_Rv:	(incorporates	NotI-SalI-BglII	sites	that	can	be	used	to	clone	the	amplified	gRNA	
transcriptional	unit	(U6-gRNA-terminator)	into	different	vectors)	
	
catgcggccgcgtcgacagatctCGTCTCACATGAGGAAACAGCTATGACCATG	
	
 
Check the PCR products by running on a gel, 3-5 ul is enough, and if the size is correct 
(455bp) the gRNAs can be purified through the column and their concentrations measured. 
After purification they are ready to use for transfection or electroporation.		
	
If neccesary, the following sequencing primer can used to demonstrate the correct 
sequence of the desired gRNA: 
 
CRISP_Seq_Fw: 5’- agggcctatttcccatgattc  –3’ 
 
 
 
TESTING CRISPRs (HEK293, JAR cells, HepG2, 3T3) 
 
Cells are plated onto gelatinized 24-well plate 20-24 hours before transfection. With the 
HEK293 (JAR cells or HepG2) use 100 000 cells per well (3T3 30 000 cells per well) in a 
total volume of 500 ul of medium. Fugene HD was used as the transfection reagent with 
ratio DNA: Fugene = 1 ug: 6 ul.  
 
Transfected DNA: 
500 ng of plasmid 
100 ng of each gRNA 
1 ug of ssODN 
 
DNA is added to 50 ul of Optimem and after that correct amount of Fugene HD is carefully 
added to the mix; vortex, centrifuge and incubate 15 min at rt. Carefully pipette on top of the 
cells each well.  
After 24 hours cells can be checked for transfection efficiency (fluorescence).  
 
After 72 hours incubation cells can be either fixed (for immunostaining) or collected for 
DNA/RNA extraction. Dissociate the cells by pipetting up and down, collect cells from each 
well in a tube, spin them down, take medium away and lysate the pellet in 100 ul of Direct 
PCR lysis buffer (VIAGEN) + 5 ul of Proteinase K. Incubate over night at 55°C in rotation 
and inactivate the Proteinase K incubating one hour at 85°C. 
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T7 TEST  
 
Use the collected cell lysates including at least one “non treated” sample as templates for 
the PCR. The primers should be designed for the specific area or gene of interest.  
 
Touchdown pcr: 
5x HF buffer    4 ul   Thermal cycle: 
dNTP (2,5 mM)   1,6 ul    1x  98°C - 3’ 
DMSO 100%   0,2 ul    8x 98°C - 10’’ 
Fw primer (10 uM)   1 ul  down 0,5°C/cycle  69-65°C- 30’’ 
Rv primer (10 uM)  1 ul     72°C - 26’’ 
Phusion (Thermo Scientific) 0,2 ul    30x 98°C - 10’’ 
Betaine 5M   4 ul     65°C - 30’’ 
DNA    1 ul     72°C - 26’’ 
H2O     x (up to 20 ul)  1x 72°C - 8’ 
Total     20 ul 
 
(Example of touchdown PCR Thermal cycle; must be optimized according to the Tm of 
primers and the size of the amplicon.) 
 
After PCR run, products are checked on a gel (run 3-5 uL) and if the size is correct, they 
can be purified and their concentration measured. 
 
T7 restriction 
 
Take 18 ul of purified pcr product. Add 2 ul of NEbuffer 10x (Bio Labs). Hybridize DNA by 
using following conditions: 
95° 10’ 
85° 1’ 20’’ 
75° 1’ 33’’ 
65° 1’ 33’’ >> 25° 1’ 33’’  
4° 
 
Take 400 ng of hybridized DNA and add 0,5 uL (or 1uL) of T7 endonuclease (Bio Labs). 
Incubate at +37°C 30 – 45 min. Run samples on 2,5 % TBE agarose gel at 70/80 V. 
 
 
 
 
 
 
 


