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Importance of genome editing
The genome encodes proteins

Proteins

Base/Nucleotide

Adapted from https://ratedrtech.wordpress.com/
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Importance of genome editing
Consequences of DNA mutations

Gene

S Protein

Chromosome Mutation

B a Altered
W Protein

Camp et al, J Acad Nutr Diet. 2, 299-312 (2014)
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* Tag a protein
* Correcting a mutation
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Genome editing technologies
Zinc Finger Nucleases and TALENSs

DNA target site recognition + DNA cleavage ‘ Genome editing tools
(DNA binding domains)

zZinc Fokl
Fingers nuclease
TALENS _ sty

Mak et al. Science 335, 716-19 (2012)
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Genome editing technologies

CRISPR-Cas9: bacterial mechanism of self-defense repurposed as a genome editing tool

Clustered Regqularly Interspaced Short Palindromic Repeats

sgRNA

Cas9/sgRNA

Genomic DNA complex

Cas9
endonlucease

DNA target site recognition +  DNA cleavage ‘ Genome editing tool
SgRNA Cas9 protein

Mali et al. Nat Methods 10, 957-963 (2013)
__Dominguez et al. Nat Rev Mol Cell Biol. 17, 5-15 (2016)
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CRISPR/Cas9: a revolution in genome editing
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Expanding use of CRISPR/Cas9

. Transcription Epigenetic
Gene editing/knockout repression/activation e

CRISPR/Cas9

Generation of Genomic imaging Lineage tracing

Large-scale genetic screen ]
animal models

Fluorescent

sgRNA library Screening protein
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Wang et al. Trends Cell Biol 26, 5-15 (2016)
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hiPS cells

Human induced pluripotent stem cells

Induced pluripotent
stem (iPS) cells

Embryonic stem (ES) cells

/ DIFFERENTIATION \
Ectoderm Mesoderm Endoderm
- %, 2o
¢
: “ .
Neurons Skin cells Erythrocytes  Cardiomyocytes Adipocytes Hepatocytes Pancreatic beta cells
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Utility of stem cells and genome editing

* hiPS cells have a robust expansion capacity and high
differentiation potential

Healthy person Sick person

‘ Insert mutation Correct mutation

Healthy iPS cell Mutated iPS cell Diseased iPS cell Corrected iPS cell
1 1 Differentiation 1 1
) : ) f
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Challenges In editing hiPS cells

Cas9/sgRNA Single-cell

cloning

SgRNA design delivery into cells
(genome editing)

Screening

* Accuracy * Minimize toxicity * Maximize survival * ldentification
* Specificity ¢ Maximize pluripotency « Maintain pluripotency ¢ Specificity
“, « Efficient editing -
., « No off-target effects e
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Isolate & expand an
edited single cell
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The bottleneck: clonal expansion of edited
hiPS cells

* 100% of editing efficiency is rarely achieved

« Colony-based culture is not ideal for this application
— Pluripotent stem cells are traditionally grown in colonies on feeders
— Screening a colony is time-consuming and challenging
— Single pluripotent cells typically die or differentiate

« Monolayer-based culture eliminates these challenges

Single-cell seeding

Single-cell seeding
into 96-well plates

into 96-well plates
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The DEF-CS™ Culture System: ideal for

S|

ngle-cell cloning

Single-cell cloning

iPS cell monolayer

Robust cell growth

Typical confluent morphology

Maintained pluripotency
0CT4

DAPI

Stable karyotype
(46 chromosomes)

Highly pluripotent state
(capacity to differentiate into
any specific cell type)

Rapid expansion of clonal
population

Results in karyotypically
stable cells

Enables survival and
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Gene editing workflow

Generating clonal cell lines deficient in CD81 (a protein embedded in the cell membrane)

Sorted Single cell seeded Expansion into
Sequence the target genepopulation into each well of a  edited clonal lines
Wild-type CGCAGGCCBCCCBCCOCCCE € 6CC 6c CAT GGGAGTGBAGGGCTGCACCAABTECATCAAG aNd
sequence GCGTCCGGCGGGCGGCEGEC G CGG ce GTA ccCTCACcTccCGAcGTGGTTCACGTAGTTC’-Ctenzanon
[ PAM | SRNAL
CGCAGGCCBCCCBCCGCCCE € GCC 6c CAT GGGAGTGGAGGGCTGCACCAAGTGCATCAAG
CGCAGGCCGCCCGCCGCCCEAATS === = —== “GGAGTGGAGGGCTGCACCAAGTGCATCAAG
CGCAGGE=======------ - - = ——= —GAGTGGAGGGCTGCACCAAGTGCATCAAG
Mutations CGCATJGCCGCCCGCCGCCE= - - -- T AAG
(indels) CGCAGGCCGCCCGCCGCCCE € GCC GCEGBCGTGGAGT -~ -JsGAGTGGAGGGCTGCACCAAGTGCATCAAG
created by CGCAGGCCGCCCGCCGCCCE € GCC GC CATTGGGAGTGGAGGGCTGCACCAAGTGCATCAAG
editing CGCAGGCCGCCCGCCGCCCE  CAT=== = e CAAGTGCATCAAG
CGCAGGCCGCCCGCCGCCCE € == = e ACCAAGTGCATCAAG
CGCAGGCCGCCCGCCGCCCE € GCCACTC-- - CTGCACCAAGTGCATCAAG
CGCAGGCCGCCCGCCGCCCE € GCE = —== “GGAGTGGAGGGCTGCACCAAGTGCATCAAG
CGCAGTCCGCCCGCCGCCCE [E === = ——= —GAGTGGAGGGCTGCACCAAGTGCATCAAG
15 GAFOE 2017 Clontech TakaRa cellartis



Characterization of the edited cells
Percentage of cells deficient in CD81
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Pluripotency maintained after CD81 KO

10
P4

OCT-4 and SSEA-4
are defined as
pluripotency markers
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Robust expansion of edited clones

Characterization of colonies that originated from a single cell

Edited cells
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Conclusions

 CRISPR/Cas9 is a powerful genome editing technique that
can be applied to different fields, from agriculture to study
of human genetic diseases

 The combination of two powerful technologies, human
iInduced pluripotent stem (hiPS) cells and precise,
footprint-free editing using CRISPR/Cas9, allows for a new
level of sophistication in development of disease models

 The DEF-CS system is a defined, feeder-free system for
culturing edited human pluripotent stem cells
— Supports survival of edited single cells
— Supports pluripotency in clones expanded from edited single cells
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