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Overview

Introduction to CRISPR/Cas9 system
gRNA design

* Important considerations
* Available online tools

Delivery options - Lentiviral vectors versus RNPs
Determining CRISPR efficiency — genotyping cell pools (TIDE)

Practical example
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Introduction to CRISPR/Cas9

PAM+Target

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

Gene of
interest

Components:

* CRISPR-associated
endonuclease (Cas protein)

* gRNA
(= scaffold + 20 bp spacer)
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Generating a Knock-Out with CRISPR/Cas9

* Co-express Cas9 with specific gRNA

* gRNA must meet two requirements

1. Unique sequence
2. Target sequence is immediately adjacent
to a Protospacer Adjacent Motif (PAM)

* PAM sequence

* Binding site for Cas protein
» Specific for different Cas proteins
* 3’-NGG for S.pyogenes Cas9 (SpCas9)
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Generating a Knock-Out with CRISPR/Cas9

Scaffold
gRNA
% + {o: . 7)
inactive
Spacer

¢ Complex formation

Ribonucleoprotein

(RNP) complex “3ctive”

Cas9:gRNA complex
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Generating a Knock-Out with CRISPR/Cas9

.'

Target+PAM

¢ Target cleavage (DSB)
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Non-Seed Seed
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Generating a Knock-Out with CRISPR/Cas9

.'

Target+PAM

¢ Target cleavage (DSB)

AL LY
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Generating a Knock-Out with CRISPR/Cas9

AL UL

l NHEJ (Non-Homologous End Joining)

T WT
TNy Insertion
TOITIInnnyuy] Deletion

LI Frameshift
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gRNA design — Important considerations

 gRNA must target a specific, unique sequence.

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

Bioinformatic tools for gRNA design

(with filters / ‘scores’ to predict effectiveness)

* The gRNA efficiencies for a single target vary dramatically (weak/strong
secondary structures, chromatin accessibility, ...)

* CRISPR-KO, CRISPRi or CRISPRa require different positions of gRNA.
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gRNA design — Available tools

% BROAD gEIr:'FJIRCBATION

INSTITUTE PLATFORM
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(Genomics m Genome
Institute Browser
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=2 BROAD i
193 PERTURBATION
AN INSTITUTE PLATEORM

https://portals.broadinstitute.org/gpp/public/analysis-tools/
sgrna-design

Distinguishes between CRISPR-KO, CRISPRi and CRISPRa
Multiple genes as input
Clear and detailed output, picks top gRNAs

Fast and easy
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EZBROAD o GPP Web Portal

Home | Search by Gene | Search by Clone

GPP sgRNA Designer

CRISPRko CRISPRa CRISPRi

Target Genome: [ Human GRCh38 (NCBI RefSeq v.109) + |

Specify Target(s):
Input Transcript IDs, Gene IDS/symbOIS, or raw DNA sequence: Enter up to 200 Transcript IDs (e.g.,
NM_014911.3, ENST00000456328, etc.),
Gene |IDs or Symbols (e.g., 988, CDC5L,
G ATA 2 ENSG00000223972, etc.), or a single

DNA sequence.

File inputs must be smaller than 20kb in
size, and any sequences submitted via file
must be in FASTA format.

Please refer to our sgRNA Designer Help
R- Page for details on how a transcript is

Upload a list of Transcript IDs, Gene 1Ds/Symbols, or a FASTA file of DNA sequences: chosen for a gene input.

Choose File | No file chosen

Pick Quota:

# Report Unpicked Sequences?

X ' I'mnot a robot e

reCAPTCHA
Privacy - Tems

| | vetmeduni
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EZBROAD o GPP Web Portal

Home | Search by Gene | Search by Clone

GPP sgRNA Designer

CRISPRko CRISPRa CRISPRi

Target Genome: [ Human GRCh38 (NCBI RefSeq v.109) + |

Specify Target(s):
Input Transcript IDs, Gene IDS/symbOIS, or raw DNA sequence: Enter up to 200 Transcript IDs (e.g.,
NM_014911.3, ENST00000456328, etc.),
Gene |IDs or Symbols (e.g., 988, CDC5L,
N M —O 3 2 6 3 8 ENSG00000223972, etc.), or a single

DNA sequence.

File inputs must be smaller than 20kb in
size, and any sequences submitted via file
must be in FASTA format.

Please refer to our sgRNA Designer Help
R- Page for details on how a transcript is

Upload a list of Transcript IDs, Gene 1Ds/Symbols, or a FASTA file of DNA sequences: chosen for a gene input.

Choose File | No file chosen

Pick Quota:

# Report Unpicked Sequences?

X ' I'mnot a robot e

reCAPTCHA
Privacy - Tems

| | vetmeduni
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EZEBROAD e GPP Web Portal

Home | Search by Gene | Search by Clone

GPP sgRNA Designer
CRISPRa  CRISPRi

e:| SpyoCas9 (NGC) B

Target Genome: [ Human GRCh38 (NCBI RefSeq v.109) + |

Specify Target(s):

Input Transcript IDs, Gene IDS/SymbOIS, or raw DNA sequence: Enter up to 200 Transcript IDs (e.g.,
NM_014911.3, ENST00000456328, etc.),

TTGTGCAGCTTGTAGTAGAGGCCACAGGCGTTGCAGAC | |Gene IDs or Symbols (e.g., 988, CDCSL,

ENSG00000223972, etc.), or a single

AGGGTCCCCGTTGGCGTTTCGGCGCCATAAGGTGGTGG | [oNA sequence.
TTGTCGTCTGACAATTTGCACAACAGGTGCCGGCTCTTC | [File inputs must be smaller than 20kb in

size, and any sequences submitted via file
TGGCGGCCGA must be in FASTA format.

Please refer to our sgRNA Designer Help
Page for details on how a transcript is
chosen for a gene input.

Upload a list of Transcript IDs, Gene IDs/Symbols, or a FASTA file of DNA sequences:

Choose File | No file chosen

Pick Quota:

# Report Unpicked Sequences?

‘X‘ I'm not a robot e

reCAPTCHA
Privacy - Tems

| | vetmeduni 8
vienna &8
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Broad Institute GPP - Output

EEBROAD - GPP Web Portal
Home | Search by Gene | Search by Clone txt_ﬁl e:

sgRNA Sequence

Exon number

On- and off-Target ranks
Picking order

SsgRNA Design Submission Completed

Submission Information

Job ID
dd9d7845-f668-4d7d-87bb-1afabab3259b

Status
Complete

Download Results

sgRNA Picking Results
Picked sgRNA candidate sequences (tab-delimited text file}

sgRNA Picking Summary
Score statistics by pick order (tab-delimited text file)

download all

Return to the Analysis Submission Page

Contact Us | Broad Home

vetmeduni
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gRNA design — Available tools

% BROAD gEIr:'FJIRCBATION

INSTITUTE PLATFORM
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chopchop.cbu.uib.no

Clear overview of gRNA positions within the target gene

Ranks gRNAs by off-targets and CRISPR efficiency

Calculates primer sequences for genotyping of each provided gRNA
Fast and easy

Just one gene or genomic region as input

vetmed



Home

Target

GATA2

RefSeq/ENSEMBL/gene name or genomic
coordinates.

chopchop.cbu.uib.no

Instructions

In

Homo sapiens (hg38/GRCh38'~

Add new species

Scoring About

) - - - - -
-< - -~ - - ’—\
2 x <
~ - ~ s

Updates Submissions

Using

CRISPR/Cas9
CRISPR/Cas9

CRISPR/Cas9 nickase
CRISPR/Cpf1 or CasX

CRISPR/Cas13 (eg. C2C2)
Paste Targel Optios FALEN

Find Target Sites!

Contact FAQ

For

v knock-out v

knock-in

activation

repression

nanopore enrichment
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Options

General Cas9 Primers

Target specific region of gene:

® Coding region All exons (inc. UTRs) Splice sites 5' UTR 3'UTR Promoter 200 200

Only target exon(s): e.g. 1,2

Restrict targeting:
@ Search exons and immediate short flanking regions. Only search within the exon.

Isoform consensus determined by:

@ Intersection (only searches regions present in all isoforms) Union (searches all exons in all isoforms)
Pre-filtering:

Minimum required GC [%] content has to be between min: ] 10 and max: | 90
Self-complementarity has to be below: -1 ‘

Restriction enzymes:
Company preference:

NEB v

Minimum size of restriction enzyme binding site:

Fasta input:
1 Color scoring should ignore one off-target without mismatches.

Displayed flanking sequence length in detailed view:

vetmeduni
vienna &8



Options

General Cas9 Primers

sgRNA length without PAM:

PAM-3":
® NGG = NAG  NGA ~ NRG(R=AorG)  NNAGAAW(W=AorT) =~ NNNNGMTT(M=AorC) ~ NNGRRT (R=AorG)

Custom PAM: e g. NGAG

Method for determining off-targets in the genome:

@ Off-targets with up to mismatches in protospacer (Hsu et al., 2013)
Off-targets may have no more than E mismatches in the protospacer seed region (Cong et al., 2013)

Efficiency score:
Doench et al. 2014 - only for NGG PAM

® Doench et al. 2016 - only for NGG PAM
Chari et al. 2015 - only NGG and NNAGAAW PAM's in hg19 and mm10

Xu et al. 2015 - only for NGG PAM, but can be used with other PAMs
Moreno-Mateos et al. 2015 - only for NGG PAM
G20

vetmedun:
vienna &8



Options

General Cas9 | Primers |

= Design primers

Product size:

From:| 150 to:| 290

Primer size:

From:| 18 oo 25 Optimal:| 22
Primer Tm:

From: S57 to: 63

Minimum distance from primer to target site:

20

Optimal:

60

vetmeduni
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Home

Target

GATA2

RefSeq/ENSEMBL/gene name or genomic
coordinates

chopchop.cbu.uib.no

Instructions

PCHOP i

Scoring

About Updates Submissions Contact

In Using
Homo sapiens (hg38/GRCh38'~ CRISPR/Cas9 v
Add new species Change default PAM and guide length in Options

Paste Target Options Reset Options

Find Target Sites!

FAQ

For

knock-out

Presets can be adjusted in Options

vetmeduni
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GATA2

5 = 3; Scroll to zogm. Drag to move left and right.
W =xon + ATG
~~—"intron
WV target
€4
€
| & €7o:
?‘0 G0e::
Lol CeER0
=€.ﬁ 21 il
0 <2 DD
:" »: CDOEy::
R
= : D D
e s
- -
NIM_001145662 ‘/’_‘._\ -
[ B
NM_001145661 f
- ————
NM_032638 '\/
[ B
| | l | |
128,490,000 128,489,000 128,488,000 128,487,000 128,486,000 128,485,000 128,484,000 128,483,000 128,482,000 128,481,000 128,480,000 128,479,00
View in UC
Download results:  Please select one v Viewin e
Rank Target sequence Genomic location Strand GC content (%) Self-complementarity MMe MM1 MM2 MM3 Efficiency -
1 ATGGCGCCGAAACGCCAACGGGG chr3:128481863 - 65 2] 2] 2] 2] 2] 67.35
2 ACTACCCCCCGCGGAAGATGAGG chr3:128485995 + 65 1 2] 2] 2] 2] 55.51
3 TATGGCGCCGAAACGCCAACGGG chr3:128481864 = 60 1 2] 2] 2] 2] 47.14
4 CGCTCCTACCAGTCTTCGCTTGG chr3:128483851 + 60 2] 2] 2] 2] 2] 31.05
5 CAAGGACGGCGTCAAGTACCAGG chr3:128485955 - 60 1 2] 2] 2] 1 55.33
6 GTTTCGGCGCCATAAGGTGGTGG chr3:128481873 + 60 2] 2] 2] 2] 1 54.31
7 CGCCGGCACATAGGAGGGGTAGG chr3:128485833 + 70 2] 2] 2] 2] 1 52.09
8 ATGCCAACCCCGCTCACGCGCGG chr3:128486831 = 70 1 2] 2] 2] 1 50.61
9 1 2] 2] 2] 1 48.08

ACGCAGCCCCCGTGGTGCTAGGG chr3:128486024 + 70

chopchop.cbu.uib.no



GATA2

=3
- exon + ATG
~~—"intron

WV target

NM_001145662

I
NM_001145661

|
NM_032638

| | 1 1
8,482,000 128,481,980 128,481,960 128,481,940 128,481,920 128,481,900 AZ‘FGSD 128,481.860 128481840 128,481,820 128,481,800 128,481,780
Download results: Please select one v
Rank Target sequence Genomic location Strand GC content (%) Self-complementarity
2 ACTACCCCCCGCGGAAGATGAGG chr3:128485995 1 o 0 2]
3 TATGGCGCCGAAACGCCAACGGG chr3:128481864 - 60 1 5} 5} %]
4 CGCTCCTACCAGTCTTCGCTTGG chr3:128483851 + 60 o 0 o 2]
5 CAAGGACGGCGTCAAGTACCAGG chr3:128485955 = 60 1 5} 5} %]
6 GTTTCGGCGCCATAAGGTGGTGG chr3:128481873 + 60 0 0 0 <]
7 CGCCGGCACATAGGAGGGGTAGG chr3:128485833 + 70 5} 5} 5} %]
8 ATGCCAACCCCGCTCACGCGCGG chr3:128486831 o 70 1 o 0 2]
9 ACGCAGCCCCCGTGGTGCTAGGG chr3:128486024 + 70 1 5} 5} %]
10 TGCCAACCCCGCTCACGOGCGGG chr3: 128486830 - 75 2 a a 2]

chopchop.cbu.uib.no



Target: GATA2
Rank: 1

Target sequence: ATGGCGCCGAAACGCCAACGGGG

53 I

B exon + ATG

~— intron

AN taroet

I primer
M restriction site

TAERE Tl G ATGCTTTGATTCCCATGT GAGATTTAGCCCTCCTT GACT GAG
NM_001145662
NM_001145661
NM_032638
[ | [ ] 1 [ ]
1 [ 1 1
| | |
1
[}
1
| T GCAAATTCTCAGACGACAACCACCACCTTATGELCCCGAAACCCCAACCGEGACCCTGTCTGCAACGECTGT G
128,482,080 128,482.060 128,482,040
Download:  Please select one v
Pair Left primer coordinates Left prime
1 chr3:128482073- AATTCCATGGTTCTG
128482095
2 chr3:128482072- ATTCCATGGTTCTGAG
128482094 1l 0 i i il
3 chr3:128482065- GGTTCTGAGATGCTTT| i I
128482087 il M
4 chr3:128482064- GTTCTGAGATGCTTTG 0 l
128482086 . l
5 chr3:128482049- GATTCCCATGTGAGAT] l .
128482071

chopchop.cbu.u

128,431,900

128,431,380

128,481,840

CCCTCTACTACAAGCTG

ib.no

|
128,481,820

Product
size
283
282
275

274

259



gRNA design — Available tools
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??" Z Q Genome
Browser
https://genome.ucsc.edu/

Broad collection of vertebrate and model organism
assemblies and annotations.

Shows DNA sequences targetable by CRISPR RNA guides using
SpCas9 over the entire human genome.

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

vetmed



L2 SN GRIL Beiie” 270050 Gonome Browser

Downloads My Data Projects Help

Our tools
Human GRCh37/hg19
Mouse GRCm38/mm10 ® Genome Browser

interactively visualize genomic data
Mouse NCBI37/mm?9
; H BLAT

Mouse: 16 strains rapidly align sequences to the genome
Other ®m Table Browser

download data from the Genome Browser database

B Variant Annotation Integrator
get functional effect predictions for variant calls

m Data Integrator
combine data sources from the Genome Browser database

B Genome Browser in a Box (GBiB)
run the Genome Browser on your laptop or server

® In-Silico PCR
rapidly align PCR primer pairs to the genome

B LiftOver
convert genome coordinates between assemblies

® Track Hubs
import and view external data tracks

® RESTAPI
returns data in JSON format

More tools...

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



ser Tools

Mirrors Downloads

My Data

View

Help

About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

chr17:7,582,285-7,773,654 191,370 bp.

enter position, gene symbol, HGVS or search terms

chr1? (p13.1) [13. 318 G 1BEIEN 17p11.2 Pl 17011.2

17q12

o ————

T e,

r=re

JT
1

A1t Haplotupes

ACB16576.1
ACB16876.1
MFDU1
MFDU1
MFDU1
MFDU1
S0X1S
S0X1S
S0X1S

LOC1 88996542
LOC1 88996542
LOC1 88996542
LOC188996542
MFDU1
MFDU1
MFDU1
S0X1S

GENCODE w32 Comprehensive

eq genes, curated subset (NM_%, NR_¥,
SHEG
sAT2 @
sAT2 i
sATZ @
SATZ i
SHEG F-HiH
SHBEG -
SHBG M
SHEG HHH
SHEG HEH
SHEG B

SHEG HHH

3
KK
<X
H
X

i

-+

Hi
He
FrR2 -t}

OMIM Alleles

AC113159.5

Gene Expression

L (ORI TR TTTTORTTR ([T 1

il.. 1 B | | [ R | B A

Reference Assembld Alternate Haplotupe Sequence Alignments

ATF1E2 §-{jHm

TPS3 ¢
TFSS | }

NF_# or YP_%) - Annotation Release NCEI Homo Sapiens Updated Annotation Release 169,26198905 (2619
ATF1B2 bjjm  TPS3 mJH || DNAH2

1B2
ATP1E2 f-{fHm

CRISFR/Cas9 -NGG Targets,

ATF1B2
|H||I

Transcript Set (only Basic displaded by default)
T 4 EFNE3 {—{fjmm

WRAFSS
WRAFSS #

th DNAHZ = Pt

TPSS ma——fH
TPS3 w4
TFS3 ma——fH
TFS3 m4-—4H
TFS3 ma——H
TPS3S w4

PSS w1

b DNAH2 +

WRAPSS Hit

FESN———
I

TFSS 4

TPSS 4
TPSS m—4

I

TPS3 w4

TPS3 ot

I8

TPS3 o
TPSS |

TFS3 m+—JH

TPSS mH—4H

TFSS m+——JH
TPSS m+—
TPS3 w44

WRAFSS
WRAFSS Hif

i
|
WRAFSS b=t

b DNAHZ }

WRAPSS §

RPL2SF2

WRAFSS §

TFS3 m+—f

TFSS m+—

TPSS o
TPSS o

TPSS o

WRAFS3

OMIM A1l2lic Variants
L

Teax LN

who le genome

1
in S3 tissues from GTEX RNA-seq of S5S5 samples (S76 donors)

1 DNAHZ b
)

DNAHZ _ I

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



Genome Browser

Tools

Mirrors Downloads

My Data View Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

chr17:7,582,285-7,773,654 191,370 b

chri7 (p13.1) (BB I BEIEl 17pi1.2 [GATA2 (Homo sapiens GATA binding protein 2 (GATA2), transcript variant 2, mRNA. (from RefSeq NM_032638))

GATA2-AS1 (GATAZ antisense RNA 1 (from HGNC GATA2-AS1))

Referd . -
- Reference Assemb Iy Alternate Haplotupe Sequence Alighments
_] ATt Haplotupes
GENCODE w32 Comprehensive Transcript Set (onld Basic displayed by default)
ACB16876.1 KY SHBG b} ATF1E2 s-{Hm 3 pieeet EFNB3
ACH165876.1 H SHEG Frommmimsmstscssf] TFS3 HRAFSS | 1 DNAHZ = RTTENSITRRN BETTEN
MFDUL § SHBG b TFS3 |—fi} WRAFS3 b DNAH2 H
MFDU1 b SHBG bl TFS3 M} WRAPSS DNAHZ TTENNETRTN BRTTYN
MPDUL | SHEG Frommmsmish TPS3 w4
MPDUL ) SHBG b TPS3 m+——}
SOK1S He SHEG prommsmsmsisseep] TPS3 Mot
SOK1S He sAT2 @ TFS3 m+—h
SOK1S . sAT2 TFS3 meffpe—eet
FXR2 HH———A -l SHEG F—HHH PSS m)
SHEG K- TFS3 s+
SHBG HHp TPS3 meb—peeet
SHBEG HH TPS3 Mot
SHEG HHp TFS3 Mot
TPS3 e
TFSS M-
TPS3 -t
TPS3 Mot
TFS3 -
HRAPSS bt
| HRAPSS mfp-—ssethh
fSeq genes, curated subset (NM_%, NR_%¥, NF_¥ or YF_®%) - Anhnotation Release NCBEI Homo sapiens Updated Annotation Release 1689,20196965 (20194
Loc1esagsa42 Ry ATF1B2 ki TFS3 m—J WRAFS3 i} b DNAHZ befrmsportoep
LoC1 68996342 <K sAT2 @ ATF162 k-fiH4m  TFSS m+fH  WRAFSS 1 DNAHZ Mmoot
Loc1 68396342 K sAT2 f TFSS w4  WRAPSS § i
Loc1 6896342 <{ sAT2 @ TFS3 b EFNB3 ¢~
MPDUL (=} SATZ i TFS3 m)
MFDUL s SHBEG F-HH TFS3 w4
MFDUL | SHBG PR TFS3 Mt
SOK1S He SHEG i TFS3 Mt
FrR2 HH-———4-HH-———) SHEG HHH TPS3 mH-— gt
SHBEG HH TPS3 Mt
SHEG HH TFS3 M-t
SHEG HH TFS3 Mt
TPSS mfH——t
TPS3 Mgt
TPS3 bt
| WRAFSS
CRISPR/Casd -NGG Targets, whole genome
_| CRISPR Targets JEARRTIRY 11 S b b TRy LR
OMIM A1lelic Variants
_] OMIM Alleles | || 1
Gene Expression in S3 tissues from GTEX RNA-seq of 3555 samples (576 donors)
ATP1B2
ac113189.5 ||l | TORET TR TTTTOTTR | [T IS s (L 1T (1) R T DNAHZ I
T 1 alates PR 11| I Tesa L | 1 L | (LTI

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



Genome Browser Tools Mirrors Downloads My Data

ow Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

Chl’3:128,479,427-128,493,185 13,759 bp. ‘ enter position, gene symbol, HGVS or search terms ’ \£|

GATAZ hr3 (g421.3)

J A1t Haolotypes

FRGE e =

RNETET ST Y ﬂ:-:-m.'lj A Tacvon -_’-ml'_‘;‘ l'1|1:.l'ml'.:»
Reference Assembly Alternate Haplotupe Sequence Alighments

GENCODE w32 C.omprehensive Transcript Set (only Basic displaded by default)
-

GATA2 : - - GATAZ-AS1 M-
o cATA2 I 3 - GATAZ-AZ 1 Bttt bttt
fSeq genes, curated subset (NM_%, NR_#, NF_% or YP_%) - Annotation Release NCBI Homo sapiens Updated Annotation Release 169,26196965 (2619
GATAZ s a1 u = GATAZ-AS1 ——
GATAZ s 3 L 1 - -
] GATAZ m—— I T | s =i
OMIM Allelic Variants
J OMIM Alleles | 1l | -

O T O ST RN Oy oo e e o uonorsy

™ sty IO TN T T LT
GATA2-AS1 vall- ﬂ

u_n N
iy 108 _ H3K27AC Mark (Often Found Near Reoulatory Elements) on 7 cell 1ines from ENCODE
Lavered H3K27AC

8 _ —

DNase I Hupersensitivity Peak Clusters from ENCODE (95 cell tupes)
J DNase Clusters [ | [ ]

4.85

188 vertebrates Basewise Conservation by FhyloF

MMM—MLW»_WMM

MUItiz Alignments of 168 Vertebrates

Zebraf ish
Lamprey

0l
Short Genetic Variants from dbSNF release 153
Jcammon dbSNP(153) | I I |l

J Simple Nucleotide Polumorphisms (dbSNP 151) Found in >= 1% of Samples
Common SNPS(151) | I [ m 11 I Il Al [N

Repeating Elements by RepeatMasker
SINE

LINE
LTR
DNA ]
Simple 11 AN i |
Low Complexity 1

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



Mapping and Sequencing

P12
Base Position P12 Fix Patches P12 Alt Haplotypes P72 Assembly Centromeres Chromosome
i = s A z A : A m
hide ] pack s dense % hide H] hide ] =
hide :
Clone Ends ® FISH Clones P12 Gap P12 GC Percent GRC Contigs GRC Incident
A hide : hide : hide : hide : hide : hide v
Updated
Hg19 Diff P12 INSDC e nti Mappability... P12RefSeq Acc  Restr Enzymes
/\ | hide % hide % Tidge_‘ hide % hide % hide %
Scaffolds Short Match STS Markers
hide : hide : hide s
A [ - | Genes and Gene Predictions
P12 GENCODE v32 ;p::ée; NCBI P12 Other RefSeq P12 All GENCODE... P12 AUGUSTUS CCDS
pack v neloeq hide : hide s hide s hide e
pack H
Cr sy Geneid Genes P12 Genscan Genes © IKMC Genes LRG Transcripts MANE select v0.6
i v hide hide 4 hide 4 M—:fm‘ hide 4 hide 4
b dense L P12 ORFeome P12 pfam in UCSC
N squish Old UCSC Genes P R — RetroGenes V9  SGP Genes
: q = = Clones Gene ; y y R
ide s = = hide s hide s
m hide 4 hide 4
P12
S full ‘ TransMap V5... UCSC Alt UniProt
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Genome Browser Tools Mirrors Downloads My Data View Help

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
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UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
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UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
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CRISPR/Cas9 -NGG Targets, whole genome

Click here to show this guide on Crispor.org. with expression oligos, validation primers and more

MIT Guide Specificity Score: 81
Position: chr3:128481849-128481871

Band: 3q21.3

Genomic Size: 23

Strand: +

View DNA for this feature (hg38/Human)
Guide Sequence GTTGCAGACAGGGTCCCCGT
Protospacer Adjacent TGG
Motif (PAM)
MIT Guide Specificity 81
Score
Efficiency: Doenchetal. |91% (64)
2016 Score
Efficiency: Moreno- 91% (70)

Mateos (In-vitro) Score

Efficiency: Doench et al 22
2014 Score

Bae et al. Out-of-Frame 66
Score

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



Number of potential off-
targets

0 mismatches:

1 mismatches:

2 mismatches:

3 mismatches: 4 mismatches:

0 off-targets 0 off-targets 1 off-targets 7 off-targets 59 off-targets
Potential Off-targets Mismatched nucleotides CFD Score Locus Position
Aicccacoscaccccaas A. TGG 0.642 exon GATA3 chr10:8069546 (-)
cees@accccaas A.A.... TGG 0.371 exon GAA chr17:80118759 (-)
Teoeoascs Geaooo A.T.. GGG 0.357 exon LRPS chr11:68403982 (-)
TeeATeccoccacsnns A.. GGG 0.308 exon UBP1 chr3:33391683 (-)
Cevceaanns ACicaces T. GGG 0.302 intron HMCN2 chr9:130428105 (-)
CAA..ccovcccccnaas T. GGG 0.287 intergenic RP11-401P9.7-RP11-401P9.6/NKD1 chr16:50591945 (-)
TGeooae [~ PP T... GGG 0.287 intron DAP chr5:10729891 (-)
CA.coeae Gecaaosaas T.. GGG 0.284 intergenic TCERG1L-LINC01164 chr10:131708516 (-)
TeoooTeCRuccsscsanss GGG 0.262 intergenic MIR552-SMIM12 chr1:34699977 (-)
C..G. «...A....A. TGG 0.227 intron PRELID2 chr5:145801962 (-)
Covosnse CeeTecsons A... AGG 0.202 intergenic RBMY2FP-TTTY25P chrY:22327163 (-)

Show all 67 off-targets...

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



gRNA-sequence designed — what now?

Constitutive expression Transient transfection
of Cas9 and gRNA of RNP-complex

vetmed



Constitutive expression of Cas9 and gRNA

Lentiviral vectors (https://www.addgene.org)
Cas9 and gRNA can be present in single or separate transfer vectors.

May contain reporter gene (e.g. GFP) or selection marker
(e.g. Puromycin) to identify and enrich for positive cells.

Packaging and envelope plasmids provide the necessary
components to make lentiviral particles.

vetmed



Envelope Cas9+gRNA Packaging

Pseudotyping Cloning Packaging

5
\

\2

Lentiviral particle with

Cas9 and gRNA
https://www.benchling.com/2016/03/24/how-to-express-crispr-in-your-target-cells/

plasmid plasmid

ﬁm
AN Viral DNA
Viral RNA

Target cell

Target cell



gRNA-sequence designed — what now?

Constitutive expression
of Cas9 and gRNA

Transient transfection

of RNP-complex

vetmeduni
vienna
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crRNA and tracrRNA complex to form gRNA

Anneal

Complex

Deliver

https://www.idtdna.com/pages/products/crispr-genome-editing/alt-r-crispr-cas9-system

crRNA tracrRNA

-

N

NI

\

gRNA complex formation

J

4 v
' + \Eﬁ RNP complex formation
-

N

J

-

-

v

~N

@ RNP delivery
y,

vetmeduni
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Transient transfection of RNPs

Ribonucleoprotein (RNP)

_ cells

&0 target gene

vetmed



Overview

Introduction to CRISPR/Cas9 system
gRNA design

* Important considerations
* Available online tools

Delivery options - Lentiviral vectors versus RNPs
Determining CRISPR efficiency — genotyping cell pools (TIDE)

Practical example

vetmed



Genotyping of targeted cell pools

CRISPR-knockout
experiment

© © @
LA

> @‘\‘
l

cells with mutations
(insertions/deletions — indels)

vetmeduni
vienna



Genotyping of targeted cell pools

forward primer reverse primer
200 bp 500 bp
: : : |
| | | |
| | | E— _ERNA | | ‘:
target gene T
Cut site

—> PCR — Sanger sequencing

vetmeduni
vienna



Quantification of genome editing efficiency

control

VAN

/\/\/\NV\M

cut Site

mixed pool

vetmedun!
https://tide.deskgen.com/ vienna



Practical example

* gRNA desigh — Broad Inst., chopchop, UCSC

* gRNA delivery - Lentiviral vs. RNPs

* gRNA efficiency — Genotyping using TIDE

Example:

Knock-out the gene Tet2 in a murine cell line (gRNA
should not be constitutively expressed) and determine
knock-out efficiency.

vetmed




Step 1: gRNA design

CH O D CH O P ::i>:i:::x:j:j:<:::>€

Target lJsing

| Tet2 \ | Mus musculus (mm10/GRCm3~ ‘ CRISPR/Cas9 \ | knock-out \

Paste Targeeset Options
Find Target Sites!

vetmeduni
vienna



Step 1: gRNA design

Target

Tet2

RefSeq/ENSEMBL/gene name or genomic
coordinates

@)
)

General as9 Primers

Product size:

From:| 700  |to:| 1000

Primer size:

In Using For
Mus musculus (mm10/GRCm3~ CRISPR/Cas9 v knock-out
Add new species. Change default PAM and guide length in Options. Presets can be adjusted in Options.

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

From:| 18 |to:| 25  |Optimal:

Primer Tm:

From: ] 57

‘to:’

63 | Optimal: | 60

Minimum distance from primer to target site:

| 20 |

Paste Target Options = Reset Options

vetmeduni
vienna
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Step 1: gRNA design

Tet2

5 >3 Scroll to zoom. Drag to move left and right.
B =on + ATG
~— intron ;
N target » :; ‘.E’ €7
€0 e P ks P
NPT e Nt pi «s
D iciatoresromiiiler it < <= O
COEAENC BN MO o= s e O €5 =
B iirebispriissmminidl | <l »e L et pic =
A P ™ | - “ ez s
O N o= = - [ = s
1 I ‘I
133,420,000 132,485,000 133,480,000 123,475,000 485,
Download results: Please select one v
_ Target sequence Genomic locati Strand GC content (%) Self-complementarity
GCTACACGGCAGCAGCTTCGGGG chr3:133467391 - 65 2] 0 2]
GAGTGCTTCATGCAAL chr3:133487064 + 45 0 0 2]
TGAACGTCCTGATTTGGGG chr3:133486188 + 55 2]

Efficie

-
B @
- @
aE: a8
W
A1 EEEZ
4=: g :

I I
133,468.200 133,468,000 133.467,800 133,467,600 133,467,400 133.467.200

|
133,467,000

133,466,800

|
133.466.

63.7:
60.1:
59.7!



Step 1: gRNA desi

Target: Tet2
Rank: 1

Target sequence: GCTACACGGCAGCAGCTTCGGGG

573

W con + ATG

~— intron

1 |
133,468,100 133,468,000

Download:  Please select one

133,467,900

133,467,800

v

[RENEIREE |
[

133,467,700

133,467,600

133,467,500

Left primer Left primer off-

Pair Left primer coordinates Left primer Tm targets

1 chr3:133467954- ACTCCTCACAGTCCTTATCCCA 60.0 [}
133467976

2 chr3:133467954- ACTCCTCACAGTCCTTATCCCA 60.0 [}
133467976

3 chr3:133467896- ACCATGTGAACTTTTACCCCAC 60.0 [}
133467918

4 chr3:133467896- ACCATGTGAACTTTTACCCCAC 60.0 [}
133467918

5 chr3:133467960- CAGCCTACTCCTCACAGTCCTT 59.9 [}

133467982

|
133,467,400

Right primer
coordinates

chr3:133467158-
133467180

chr3:133467193-
133467215

chr3:133467158-
133467180

chr3:133467193-
133467215

chr3:133467193-
133467215

133,467,300

|
133,467,200

Right primer

ATGCAAGGATCCTGAAAGTTGT
CCAATACTCAATTTCCTGCACA
ATGCAAGGATCCTGAAAGTTGT
CCAATACTCAATTTCCTGCACA

CCAATACTCAATTTCCTGCACA

133,467,100

Right primer

Tm

60.0

60.0

60.0

60.0

60.0

vetmeduni
vienna

133,467,000 133,466,900

Right primer off-
targets

<]

133,466,800

Pair off-
targets

2]

Product
size
818
783
760

725

789

-
48



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

Ribonucleoprotein (RNP)

_—— murine cells

tracrRNA

NucleofecticV\A
P
/ 2N . Tet2

/ vetmed




Step 3: gRNA efficiency

% of sequences

60

50

40

30

20

10

PCR amplify wild-type (control) and Tet2-targeted murine cells
Perform Sanger sequencing of PCR-amplified fragment

Analyse with TIDE

| total eff. =41.5% . R2=0.93
| o
-15 -10 -5 0 5 10 15
€— deletion insertion —>
vetmeduni

vienna



Additional suggestions

Use controls.

Check the literature.

Try out the online tools.

vetmed
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Thanks for your attention!
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grebienlab.com elizabeth.heyes@vetmeduni.ac.at , @HeyeskElizabeth



