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Functional analysis : Timeline
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Transgenesis in organoids
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Schwank et al., PLoS One 2013

Mouse intestinal organoids Homolgy recombination

Schwank et al., Cell Stem Cell 2013

Cre inducible retroviral vector, mouse
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Simplified model of the immunity mechanisms of class 1 and class 2 CRISPR-Cas systems. 
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CRISPR‐Cas  is an adaptive 
immune system in prokaryotes

Unique sequences in CRISPR  
originate from mobile genetic
elements (bacteriophages, 
transposons, plasmids) (2005)

Clustered Regularly Interspaced Short Palindromic Repeats

Spacer sequences

Multiprotein complex single protein
blunt‐end DSB      staggered cuts

Frank Hille, and Emmanuelle Charpentier Phil. Trans. R. Soc. B 2016;371:20150496
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CRISPR/Cas9 programmable dual‐RNA‐guided DNA 
endonuclease

Adapted from Jinek et al. Science  2012 & IDT‐DNA.com
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20 nt Protospacer PAM

Cas9 programmed by single chimeric RNA

crRNA‐tracrRNA chimera

NGG : restricting target sequences

Non‐target DNA strand displaced by the guide 
RNA spacer

dCas9 : dead Cas9 still bind specific DNA sequences

Protospacer Adjacent Motif:
requirement protecting genomic
DNA encoding the guides

Anzalone et al. Review Nat Biotech 2020 
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CRISPR/Cas9 programmable dual‐RNA‐guided DNA 
endonuclease

Adapted from Jinek et al. Science  2012 & IDT‐DNA.com
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20 nt Protospacer PAM

Cas9 programmed by single chimeric RNA

crRNA‐tracrRNA chimera

NGG : restricting target sequences

Non‐target DNA strand displaced by the guide 
RNA spacer

dCas9 : dead Cas9 still bind specific DNA sequences

Protospacer Adjacent Motif:
requirement protecting genomic
DNA encoding the guides
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CRISPR‐Cas genome editing technologies

Anzalone et al. Review Nat Biotech 2020 
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Aim : to Install any genetic change at any position within the genome of any living cell
with minimal unwanted genome modification or cellular perturbation

o Targeted alteration of genomic DNA sequence
o Transcriptional regulation
o Epigenetic modifications
o RNA editing
o Nucleic acid detection
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Genome editing w/o DSB: Base editing: CT, GA 
substitutions

Catalytically impaired CRISPR/Cas nuclease are fused to ssDNA deaminase
These enzymes do not exist
Extensive directed evolution of existing ones to obtain base editors
Editing window is away from the Cas9 DSB site

Komor et al., Nature 2016 

Base editors A/TG/C, Gaudelli et al., Nature 2017 
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Genome editing w/o DSB or donor DNA: Prime editor
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Anzalone et al., Nature 2019 

BE performed better C.G to T.A conversion for bases in the center of the window
Efficiency of prime editing exceedes that of base editing (no by stander editing)
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Genome editing with relaxed PAM requirement
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Nature 2018
Science 2018
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CRISPR genome editing efficient in livestock

Perisse et al., Frontiers in Genetics 2021
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CRISPR‐mediated gene ko in livestock:  Agricultural applications
Biomedical applications

CRISPR‐mediated knockin in livestock
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Guide RNA design other than mouse and human
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A



Nucleic Acids Res, Volume 46, Issue W1, 2 July 2018, Pages W242–W245, https://doi.org/10.1093/nar/gky354
The content of this slide may be subject to copyright: please see the slide notes for details.

Main output of CRISPOR – sg design tool 
At the top, a graphical representation of the 
input sequence with variants and CRISPR sg

Allows evaluation of 
off‐target effects:
Indels/mutations 
away from target,
present with nuclease 
use
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Organoids from livestock

Beaumont et al. Vet Res 2021
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Virtually all organs: brain, skin, airways, gut, liver, kidney, pancreas, testis, retina
But they are not immortalized cell lines.

Expansion
Differentiation
Screening
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Editing strategies depend on phenotype selection
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Menche and Farin, Exp Mol Med 2021
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Delivery methods and Efficiency of transgenesis in 
organoids
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Schwank et al., PLoS One 2013

120kb BAC reporter
Ab selection Ab selection villin::CreERT2 mice

 Trypsinized organoids
 Transfection by electroporation or liposomes 
 Resuspension in cold matrigel
 After 2 days: selection of stable organoids
 After selection: budding organoids medium 

Efficiency of delivery in organoids
(mouse/human) is LOW!

Electroporation outperforms lipofection
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Electroporation gene delivery protocol for organoids
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Fujii et al Nat Protocols 2015

piggyBAC transposase system or CRISPR/Cas9 with refined protocol: BTXpress, DMSO
Limitations of the method:
6 wells /24WP 24 wells /24WP

 Trypsinized organoids
 Transfection in NEPA21 electroporator
 Recover cells 30min RT
 Resuspension in cold matrigel + inh Wnt&ROCK
 After 7 days: selection of stable organoids

Delivery methods and Efficiency of transgenesis in 
organoids
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CRISPR‐Cas9 editing system to Ko lentiviral
transduction and single cell cloning
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• Lentiviral transduction

• genetic knockout HIE line within 
2‐3 months

• HIEs as an ex vivo model to 
assess host restriction factors 
for viral replication by ko host 
attachment factors or innate 
immunity genes

Delivery methods and Efficiency of transgenesis in 
organoids

Lin et al., Nature Protocols 2022 
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Nanoblades achieve high % gene editing in organoids with low toxicity

Tiroille et al., Mol Therapy 2023
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<6hs

Mangeot et al., Nat Comm 2019

Nanoblades: protein‐delivery vector
(MLV) tranfering Cas9‐sgRNA RNP in 
vitro & in vivo

Delivery methods and Efficiency of transgenesis in 
organoids
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In trans paired‐nicking w/o DSB allows allelic analysis
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Chen et al, Nature Comm 2017
Bollen et al, PLoS Biol 2022

E‐cadherin, histone1, laminA, ER translocation complex, microtubule‐associated prot
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Base editors to correct a genetic defect: CFTR
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Cell Stem Cell 2020

Plasmids electroporation (Fijii method) with BE Cas9‐ABE or xCas9‐ABE 
Editing efficiencies vary, depending on Cas9 and sgRNA usage, with a max of 9,3%
10% of residual CFTR function is associated with mild disease
No genome‐wide off‐targets (multiple consecutive ABE treatment possible )
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CRISPaint : modular base‐specific gene tagging through NHEJ
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Schmidt‐Burgk et al Nature Comm 2016
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CRISPR‐HOT minimizes the need of molecular cloning
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Artegiani et al Nature Cell Biol 2020

Using CRISPaint:

Electroporation as Fujii 2015,  sorting day7

Tagging rare differentiated cells in organoids, with
differentiation pulse to detect fluo organoids

Transfection efficiency depends on locus
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Regulators of intestinal epithelial maturation and cell
fate

Hansen et al Sciences Advances 2023
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Organoid biobanks to identify therapeutic targets
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Beumer et al Nat Comm 2021

While chloroquine effectively inhibited viral 
replication in VeroE6 cells

Viral titer on organoids
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LGR5‐H2B‐GFP Pigs organoids APC‐/‐developed cystic
growth

 LGR5‐H2B‐GFP colonoids dissociated to single cells (TrypLE + Y‐27632)

 250 000 cells + 5µg sgRNA + 5µg Cas9/nucleofection

 Washed cells plated 5000 cells/50µl Matrigel

 Selection: growth factors reduced media (w/o Wnt‐3A, R‐spondin, CHIR)
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Schaaf et al., FASEB J, 2023
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Editing Organoids
Pros                                              Cons

• Time saver & 3R complient

• Non transformed cell cultures, relevant in vitro 
models for normal physiology

• Biobanking : reduce geographic proximity to 
research lab, platforms to study developmental
diseases

• Virtually from any ASC type from animal realm
(less for iPS) 

• Establishing genotype‐phenotype correlations

• High throughput

• Imaging

• Potentially complexifiable with autologous
vascularization, muscle or glial cells, fibroblasts

• Physiologic, immunologic, nutritional differences
between mouse, human, livestock impede
immediate translation of findings

• Tools & methodologies – Transgenesis in organoids
12/09/2023 G. Egidy

• Standards Operation Protocols still to 
be optimized

• Some off‐targets & difficulties creating
complex modifications

• Targeting of SC necessary for 
maintenance of genetic modifications

• Expansion of SC before genetic
manipulation to increase efficacy of 
colony outgrowth

• Loss of variability of stem cells ‐neutral 
drift‐ during organoid passaging, 

• Gentle digestion of organoids
necessary to preserve stem cells

• Addition of niche factors or activators
of stem cells
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Potential uses

• Relaunch species specific fundamental biology
• Understanding different levels of interactions regulating
tissue homeostasis

• Confirm genetic association of a mutation with a disease
phenotype/ trait

• Bring back functioning alleles

Tools & methodologies – Transgenesis in organoids
12/09/2023 G. Egidy
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Thank you for your attention
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