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Hands on CRISPR

Let’s do some CRISPRI!!!

Scaffold
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Spacer

EnGen sgRNA Synthesis Kit
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Hands on CRISPR

EnGen sgRNA Synthesis Kit

1.Select 20 nucleotide target sequence (not including the PAM (NGG)
sequence). Use of a target DNA selection program is recommended.

2.Check input sequence for presence of "G" at the 5" end. If there are no
"G's" at the 5" end, add one "G.

3.Tothe 5" end; append T7 promoter sequence: TTCTAATACGACTCACTATA
4.To the 3" end; append 14 nucleotide overlap sequence: GTTTTAGAGCTAGA

5.Check complete oligo sequence:
5 TTCTAATACGACTCACTATAG(N),oGTTTTAGAGCTAGA 3’

Hands on CRISPR

T7 polymerase

5'|TTCTAATACGACTCACTATAGGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGA 3°

5° AAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAAC 3°
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Hands on CRISPR

PCR reaction

Hands on CRISPR

T7 polymerase

T7 RNA transcription

Some online tools

e Zhang lab (overview): https://zlab.bio/guide-design-resources

¢ Benchling: https://www.benchling.com/crispr/ (favorite)

e CRISPick: https://portals.broadinstitute.org/gppx/crispick

e CHOPCHOP: https://chopchop.cbu.uib.no/

e CRISPRscan: https://www.crisprscan.org/ (many species)

e CRISPy: http://staff.biosustain.dtu.dk/laeb/crispy_scoeli/ (S. coelicolor)
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Design sgRNA: Tools and parameters

EXAMPLE 1- S. coelicolor

To find S. coelicolor target sequence use CRISPy - a specific Cas? target finder for S. coelicolor:
a. actlORF1 (ACT1)

b. actVB (ACT5)

CRISPy: http://staff.biosustain.dtu.dk/laeb/crispy_scoeli/ (S. coelicolor)

CRISPy

Cas9 target finder for . coelicolor

Results will appear here if found

U
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Design sgRNA: Tools and parameters

actlORF1 (ACT1

actVB (ACT5)

Target 1D Target Sequence Exon nusber # of Exact

mat ches

GTCCCGGAGCATTCCCTGGTCGG

1446187

1446188 TGGCGTCCCGGAGCATTCCCTGG

Design sgRNA: Tools and parameters

actVB

Target sequence
GTCCCGGAGCATTCCCTGGTCGG

Guide sequence
GTCCCGGAGCATTCCCTGGT (+ CGG, PAM)

Off-targets?

# of 1 bp mismatch

ERASMUS+ PROGRAMME - KA2 - STRATEGIC PARTNERSHIP

Exact matches in these

# of 2 bp mismatch
matches genes

$C05092

5C05092

A
{ |
# of bxact
matches

# of 1 bp mismatch
matches

Target Sequence Exon nusber

Target 1D

1446187 GTCCCGGAGCATTCCCTGGTCGG

1446188 TGGCGTCCCGGAGCATTCCCTGG

Exact matches in these
genes

# of 2 bp mismatch
matches

$C05092

5C05092
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Off-targets?

A

Target Sequence Exon number # of Exact # of 1 bp mismatch # of 2 bp mismatch Exact matches in these
matches matches matches genes

GTCCCGGAGCATTCCCTGGTCGG 5C05092

TGGCGTCCCGGAGCATTCCCTGG SC05092

Design sgRNA: Tools and parameters

actVB

nbar toop—
racrRNA -,

Target sequence Cost ¥ Cas?
GTCCCGGAGCATTCCCTGGTCGG s

5

-
Guide sequence M LA M L

GTCCCGGAGCATTCCCTGGT (+ CGG, PAM)

A. 2-part guide RNA B. Single guide RNA
AAAU tracrRNA
GA’ A
u::’ﬁt:'m
0g” AA
A G G, %
6, U ACy
A=-U AA G-C
U=-A G A C-G
L u-A UG U=-A C-=G
-A C” U=A A=-U

19 G-U, G-C A=U ~ G~ 0 2
5 GTCCCGGAGCATTCCCTGRT oo AA™ Gy, ch od 6% Cuyyy 3
2
Spacer

actVB
target sequence GTCCCGGAGCATTCCCTGGTCGG

Guide sequence GTCCCGGAGCATTCCCTGGT (+ CGG, PAM)
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AA Cas9
o n
7’
A
Aué’sc“°
067 A AG
% 0 ASu™
A=U AA G-C
U=-A A G A C-G
u-A UG U-A C-G
U=-A g U=-A A-U
U=-A g-g -60 70- c-e €=G 100
G-U
SGTCCCGGAGCATI'CCCTGG'I['] 55 AAT Gy unucA w6 Cuyyu ¥

/ CAGGGCCT CGTAAGGGACCAGCC

e GTCCCGGAGCATTCCCTGGTCGG o™ Streptomyces coelicolor genome

Hands on CRISPR

slide

Cas9

AA
AA n
ugs,
[
30" G’ AG
90
- ASY
A-u AR G-C
U-A G A C-G
u-a UAg U-A C-G
U=A ‘¢7u U=-A A-U

==l - -
SGTCCCGGAGCATTCCCTGGT AR Gy - 65 Cuyyv ¥
Spacer

/ CAGGGCCTCGTAAGGGA CCAGCC \

\ GTCCCGGAGCATTCCCT GGTCGG / Streptomyces coelicolor genome

5" TTCTAATACGACTCACTATAGGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGA 37

sgHL3:

TTCTAATACGACTCACTATAGTCCCGGAGCATTCCCTGGTGTTTTAGAGCTAGA

sgHLA4:
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TTCTAATACGACTCACTATAGCCAGGCAGACCAGTGCCAGGTTTTAGAGCTAGA

IMAGENS AB C - Tong et al, 2015

A The act cluster, ~22 kbp

ISP2
plates,

: H>7
Thiostrepton — P Thiostrepton +
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Zebrafish example
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A non-coding genomic region from Zebrafish (Danio rerio) _
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Design sgRNAs

CRISPRscan (many species):
https://www.crisprscan.org/

Design sgRNAs

CRISPRscan:

https://www.crisprscan.org/

CRISPRscan

CRISPRSCIN &3 N0V 5000 NE SEOTRNM Om the Girakder Lab (Yake Uniersty) that heips you seiect the:
b
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Design sgRNAs

Submit sequance

CCTGLTCGEGCTCCAGGCCCTGACAAGL TTCTGACCTGEAGC ACTGCTGT TGACACGTTC -~
ACTCACATECACTGACCAAACACARACCAATAAGT TCAAGEG CCARGTGTGTGTTAATEL
CCANGTGCTTTTATTTCCATAGAGAC TTAAGAACTGTTCAGTCTTATCTTTAGTCACAGL

CAATGLGAMAACGT TTTAGCAGATEGTTCTTCGCATTCTGAATGGAGATACAT)

GTTTATGTACCAATARAATGLAT TTCARARATAGATGTGT TCATGCATAATCACCAAARA Zebrafish - Damio rerio =

CAGTGGCGTAMMATAGTCAGATGGTTACCARAGT TACATATGCARTGAATGARCATCARA

CACTATGAGAGATAAAGGCCTGACCC TTGAGAATACACCTGTCTTATGTTIGETTTCTC 4 Cas9-NGG ¥ Invitro 17 promoter - B =
e FRT PR o P e rawe e it =

Genbank {SnapGene) ¥ All gRNAS A oo |

CRISPRscan Off-targets

s Locus Target sequence BGIBNGG
- G e Genaee lc.vommmr(s(m(m
69 2 ) TCGCATTCOG 1.08 o o [cX o) XLLLLEELIEALLIERL i
51 2:29745829-29749851 (1) AGTGGACTGAAGTCCAGTCCTEG an 0 o [oNo] i ———
4 2129749284-29749306 (+) GTGAATGTTGTTTGACTACAAGG 7.20 [ [ [c)©)
46 2:29749855-29749877 (+) GCATGACCTGCTCOG6CTCCAGG 179 o 0 [c) o)
45 2:29745873-29749895 () GTCAGAAGCTTGTCAGGGCCTEG 4.03 o o o0
43 2:29750295-29750317 (+) AGAGTGTGAGATGATAGCTATGG 5.68 o o ®0
40 2:29749767-29749789 (+) GACATCAGGAGCATAACGACAGG 2.92 o o [cX =]
40 ’ 2975018 AGTGEC CAGATGG 6,40 0 0 [oX©)
40 229745618-29749640 (-) AGAGGCAGATGACAGCAMAAGG 57.86 o o [cNo] N
n AT AOTAO INTAOINS 4 Y COCOCACTAMTATTICC R ETEr ar e - - aWal Vi< >
Anows - Disclaimer © 20152021 Giraldez Lab - Yale
Design ngNAs
Cas9
seed PAM
“mmﬁTETTIIlIIT& e
scaffold guide RNA GGTCATGACGGTCGGGGCGG all seed CFD
KN150225,1:13638[..vven. GGTCATGACGGTCGGGGCGG — 0 mismatch — yes yes 1.00
21:5126754L....... +  GGTCATGACGGACGAGGCGG—= 2 mismatchesin seed — yes no 0.
22:17959653([X..X.... Jt TGTTATGACTGTCGGGACGG —= 4 mismatches —no no 061
o5 praina . . H
chromosome coordinate mismatch with target oot o |
all: up to 2 Vo d whmstcheu |
i
1

seed: up to 2 outside seed
CFD:up tod

Total CFD score 4.14

According to Hsu et al. Nature Biotechnology 2013, potential off-targets can have a maximum of 2 mismatches with the sgRNA.

Seed
With the method published by Cong &1 al, Science 2013, potential off-targets must match perfectly in their seed (12 nt 3" of the PAM sequence) and a
maximum of 2 mismatches in the rest of the SgRNA. This rule is more stringent than the All methed and therefore less off-targets are found.

CFD (Cutting Frequency Determination)
Doanch et al. Moture gy 2016 the cutting of p off-targets and integrated them Into the CFD score. Potential off-
targets with up to 4 mismatches are scored with Doench et al. matrix.
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Design sgRNAs

gG18NGG

PR

Genome TGTGTGAGGTAGTTCGCATTCGG

XLULELLLLERLELLEty
gRNA GGIGTGAGGTAGTTCGCATT

EG1ENGG
Gencee TOTGTGAGETAGTTCOCATICGE

o o [cX &) XELLLLLILRIERn i
GGTGTGAGETAGTTCGLATT
» , [] 0 0 = “
46 2207492042971 Zean - o
46 2:29749855-29749877 (+) GCATGACCTGCTCOGGCTCCAGE 179 [ 0 [c¥ o]
45 2:29745873-29749895 () GTCAGAAGCTTGTCAGGGCCTEG 4.03 o o ®0
43 2:29750295-29750317 (+) AGAGTGTGAGATGATAGCTATEG 5.68 3 0 (o))
40 2:29749767-29749789 () GACATCAGGAGCATAACGACAGG 2.92 o o [CNe] A S €7 e
40 2:29750162-29750184 (+) AGTGGCGTARAATAGTCAGATGG 6.40 0 0 [cX) ‘]"‘;;:79:'025‘30"-;;‘ ket - - :‘:
% 229745618-29749640 () AGAGGCAGATGACAGCAAAMGG 57.86 0 0 [oXe) el Cow v
n RTE RS TYAETS PECLTIRY COCCCACTAMTATTCCROTEC s - - faWa >R >
Anous - Disclaimer © 2015-2021 Giraidez Lab - Yale
Step |
a genomic target site
5’ — GGAGCGGTACATGGCGACCGNGG — 3’ sgRNA name Sequence (with overhangs)
3’ — CCTUGCCATGTACCGCTEGONCC — 57
l {synthesize DNA ofigos) PtflaE3_Sgl F TAGGGAATGTTGTTTGACTACA

PtflaE3_Sgl R AAACTGTAGTCAAACAACATTCCC
PtflaE3_Sg3_F TAGGCGAAAACGTTTTAGCAGA

oligo#l 5’ TAGGAGCCCTACATGGCGACCG 3/

oljo¥2 3¢ TCCOCATOTACCGOTCGCCAMA 3¢ PtflaE3_Sg3 R AAACTCTGCTAAAACGTTTTCGCC
l Hemeed ohoen) PtflaE3_Sg4 F TAGGTGTGAGGTAGTTCGCATT
e et o PtflaE3_Sg4 R AAACAATGCGAACTACCTCACACC
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Clone sgRNAs

Step | Stepll
a genomic target site

5* — GGAGCGGTACATGGCGACCGNGE — 37
37 — CCTOGCCATGTACCGCTGGONCE — 57 T7 Promoter Bsal Bsal

l(m‘, ¢ DNA ofgos) r e e "

oligo#1 5’ TAGGAGCGGTACATGGCGACCG 37 pDR274 vector

l (Bsal digestion)

oligo#? 3’ TCGCCATGTACCCOTGGOCAAA 57

l (anneal oligos)

5* TAGGAGCGGTACATGGCGACCG 3
3’ TCGOCATGTA SCTGGOCARA 57

S

Step Il

F

Clone sgRNAs

Cleave DNA in vitro

DNA Template (zebrafish ptfla enhancer) — PCR product (~¥1800bp)
+

sgRNA (synthetized with T7 DNA polimerase)

- includes spacer and tracrRNA

+

Cas9 protein

POR274 (rev comp)
2147 %0
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Cleave DNA in vitro

Check cleavage efficiency in an agarose gel:

<— 2000 bp
<+— 1500 bp
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In silico activity Protocol

Design the target for the sgRNA - Target-specific oligo design

This kit contains the S. pyogenes Cas? Scaffold Oligo within the EnGen 2X sgRNA Reaction Mix, S.

pyogenes. Target-specific oligos are designed by the user as follows:

1. Select 20 nucleotide target sequence (not including the PAM (NGG) sequence). Use of
a target DNA selection program is recommended. We recommend ChopChop.

2. Check input sequence for presence of "G" at the 5" end. If there are no "G's" at the 5°
end, add one "G" (making it a total of at least one G at the 5" end).

3. Tothe 5 end; append T7 promoter sequence: TTCTAATACGACTCACTATA
To the 3" end; append 14 nucleotide overlap sequence: GTTTTAGAGCTAGA

5. Check complete oligo sequence: 5
TTCTAATACGACTCACTATAG(N)20GTTTTAGAGCTAGA

Design the respective sequences to synthetize one sgRNA to target the “red” sequence of the

partial (Bull’s) sequence - Template for oligo design and sequence to mutate

The challenge!

Design the Genomic target region that should have the following configuration:
Target(20N) NGG

Design the sequence of the oligo to order, required for the sgRNA transcription, having the
following configuration:
T7Promoter (G) Target(20N) Linker

Design the full template for the sgRNA sequence transcription, that must have the following
configuration:
T7Promoter (G) Target(20N) Scaffold

In silico Components:

T7 promoter
TTCTAATACGACTCACTATA(G)

Linker
GTTTTAGAGCTAGA
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Scafold (5>3)
GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCAC
CGAGTCGGTGCTTTT

Sequence to mutate:
TCGGTCCCGTGTATCCATGGCCCAGCCGGCACTTGTCAGACTGTCACAGATCGGGGGTGAGATA
TTTCTCCTGTTCCAACACGTGATGATTTCGCTTGCAATGGCTCGTGGCCAACATAGCGAGTATGG
ACTCCAGGACGTCCTGATCCCGGATGCCTGGGGTTTTTACCAGTTTCGTCAGAGTCCTCAGGATA
CTACGCCCCACTTCTATCGCCAAGTTTCATGAGAAACACTCGCCTTTGGATTAATCTCAGCGACC
CAGGGCACGCAAGAGGGGTGCGTCGTCGAAGCCAGGTCACCACTTACAACTTGGGGGGGCCTA
GTGGACGGGGTATTCGATCCTTCCGTAGCTCAAACTTTATAGAGTCACAGACACCTCCCACTGAC
CTTTGTAGTTGGTGCCGGTCCACTACAGGCTACAAGGTCTTGAGTAGTGGCGGGTGGGGTACTC
GAGAACACGTTAGTCAGCTCCGGCGTTCCACTTCAGCCTAGCCTAAGACAAATAACCCTTGCAG
TACCACTAACAAGGAGCGCCGGGGCGGGATATTTTAAATTAAAAAAACAACTTACCCCTACGAA
CGATGTGAACGAGCGTAAAATTGCATGGTGACCCGGGCGCCAAGTCTCTCTTGACTGCCCGCGA
GCCTTGGGCGTTCGTCTTTACTGAGTCTCGGGTTACGTCCTGCCTTCTATTGTCCCAAATTAGAAC
GACTATCGGCCTGATCACAAGATTACCATCTCTGGAATTCGGATTCGCAAAGTAGTTTTTATTCGG
CAATTGATGAGAGCAGGGCTGTAGATGCAAGCTCGTTCAGCATGTCCCTCACGTACCTCCTTGG
CGTATGGCTGGTCACCTAGGTACGGTGGCTGATGAAAGGGAGGCTTAGCTGGGTGCAGAGGTA
TATAAGGGTCGTCGGTGATCCTTTGTTTCAGCGGAAGCAACGCGGACAGGCATCAGACTCATTG
CGGTAGGGAAGCCCGCATCAAGAATTATATGTCCTGTGTCGCCGAGCTCTCTGAGCGTGTTCGG
AGCCTGTGGTTCTCGGTGTCATCCGTGGACACCTAGAAGAGCGGTGGTAGGTGCGGTAGGATG
GCTTTAGTACACGTGAGAGACTGAAAGATCTATAAGCTCGGGCTTTAAACGAAACCGTCAACCAA
GTCGCTCGAGCGTAAAATATAGATTCCCATCGGGCGCCAAGTTTGTTTCAGCGGTAGCTACGGG
GAGGAAGGTTTAAAGCTAGCATTTTCTCAGTCTCGTAGGTACGTTTTCAACTCGCTTCACGCTGTG
TTGGTTTGGAAGGCATGCAGTATGTATGTATGATCAACTAAATGCTCGATAAAAGGAGATGTTATG
AGGCTTTCGCTGATGCCTGTTAGGTTGGATGGATGGATCCGGCAGACAGCAGCGATTCATGACTT
ACTCCACATCTGACTCTACGCCTAGCTTCACATGCATGCTATTAGAGCTAGGCCACTGGCTGGGA
TACGCCGTCCCAATGGTACATAGTGGCCAGTAAGATCATCGTTCGTATTCTATGCATGGTGACCT
CTCTCAGGTTAGTTCGTATTCTACCTGCCAAATTTGGTTGGGCTGTTGATCGTGAGTCCACCGCAT
CCCCCCCAAAACAATCGGGTTTAGCTTCTAAACTAGAGCTTCATCAGGAACCGTCGGGATGGTTA
CGTAATCGAGTGTCAGTGCGTGTCTCTGTCGCGCTCCCACCCTGATAAGTGCGTCTTCGAGCCG
GCGATTCGTCCGTCGCGTCGAGGGAGCCCAGTGATAGAAGTGTAACGTACCCCTGGGTAAGTTG
TCACTTGGTTCCGCGTTTTTTTAAGCTGTATTTAAAGGTGTGAGTGTCGAATCCTCCCAGATTAGCT
AGCATTTTCTGACTGGAGGCTCTACCGTACGCCCAAGAGTTACGTTACGGTTCGCTAGAAATGGG
TCACCCGTGT

TTCTAATACGACTCACTATAGTGCCTGTTAGGTTGGATGGATGG GTTTTAGAGCTAGA

Please order mine: TTCTAATACGACTCACTATAGTGCCTGTTAGGTTGGATGGATGG

GTTTTAGAGCTAGA
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