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> Transgenesis in organoids

Published: 04 December 2011
Controlled gene expression in primary Lgr5 organoid
cultures

Bon-Kyoung Koo, Daniel E Stange, Toshiro Sato, Wouter Karthaus, Henner F Farin, Meritxell Huch, Johan H

van Es & Hans Clevers™ . . . . .
Mouse intestinal organoids Homolgy recombination

Nature Methods 9, 81-83 (2012) \Cre inducible retroviral vector, mouse

mTub-GFP

mH2A-GFP mLyz-RFP

Schwank et al., PLoS One 2013

3D-organoid cultures

of cystic fibrosis patients o Growth of puro resistent F508del
Trypsinization Lgr5+ stem cells
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Clustered Regularly Interspaced Short Palindromic Repeats

Simplified model of the immunity mechanisms of class 1 and class 2 CRISPR-Cas systems.

protospacer

% integration into CRISPR array
Cas1-Cas2 complex
[ o N— Spacer sequences

Unique sequences in CRISPR cas genes |
originate from mobile genetic S\ "\ N\ transcription of pre-crRNA
elements (bacteriophages,

CRISPR-Cas is an adaptive
immune system in prokaryotes

. Cas6 or Cas5d as Tacr! f
transposons, plasmids) (2005) ““°”°Z RNase 11 g
cascade Csm or Cmr complex Cds‘) CP”
Caﬂ J

--—v-«'

target transcript

type 1 type 111 type II type V
class 1 Multiprotein complex class 2 single protein
INRAG blunt-end DSB  staggered cuts
Frank Hille, and Emmanuelle Charpentier Phil. Trans. R. Soc. B 2016;371:20150496
Tools & methodologies — Transgenesis in organoids P. 4
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> CRISPR/Cas9 programmable dual-RNA-guided DNA
endonuclease

Cas9 programmed by single chimeric RNA

crRNA-tracrRNA chimera

WT Casg 20 nt Protospacer PAM
Cleaves both strands Protospacer Adjacent Motif:
requirement protecting genomic
DNA encoding the guides
NGG : restricting target sequences
g: [T LI g:
o b38 - Non-target DNA strand displaced by the guide
End-joining HDR (requires dividing cells)
RNA spacer
No donor DNA dsDNA donor
c-NHEJ
alt-NHEJ (MMEJ)
—_—— ; —_—
+ — DNA replacement Targeted integration
e e o ) (e.g., point mutations,  of gene-sized fragments
End-joining insertion small insertions, (orientation-specific)
Ur'll?ollj'ltrIOHEd (in any orientation) small deletions)
Inaels
Anzalone et al. Review Nat Biotech 2020
INRAZ Adapted from Jinek et al. Science 2012 & IDT-DNA.com
Tools & methodologies — Transgenesis in organoids P.5
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> CRISPR/Cas9 programmable dual-RNA-guided DNA
endonuclease

Cas9 programmed by single chimeric RNA

crRNA-tracrRNA chimera

WT Cas9 20 nt Protospacer PAM
Cleaves both strands Protospacer Adjacent Motif:
requirement protecting genomic
DNA encoding the guides
NGG : restricting target sequences
Non-target DNA strand displaced by the guide
Cas2 D10A nickase RNA spacer
Inactivated RuvC domain

Cleaves target strand

dCas9 : dead Cas9 still bind specific DNA sequences

INRAS Adapted from Jinek et al. Science 2012 & IDT-DNA.com

Tools & methodologies — Transgenesis in organoids P. 6
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> CRISPR-Cas genome editing technologies

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)
o Transcriptional regulation
o Epigenetic modifications
o RNA editing
o Nucleic acid detection
Mucleazes Baze editors
. L&
5:_4-"""_ La 3f_\\_1 e
3_\.,_1'_,.-""_5 e

Cas nickase
Cas nuclaasn

INRAZ

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

Targeted alteration of genomic DNA sequence

TransposasearecomomEsss Prime editors
Trs proleins
s Hewvarza
ranssnalase
v H
B —— 5*_._,-""'_ Lﬂ'
(l_L&U pegHMA

Casd nickase
Cas DMNA-binding protein

Anzalone et al. Review Nat Biotech 2020
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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

a Untreated [ Lys | Arg [ Leu | Ala [ Val [ Tyr [ Gin | Indel %
ApoEacissR] G A [ A G fJesJeJcec|c[T]aea[a6a[c[a[a]T G [ T AJc|c[AaJGe ]G] oo
A 0.0 100.0 1000 00 oo | oo o0 00O OO 00 00 00 1000 00 00 00 00 [1000 0.0 00 4000 00 00
C 00 00 00 0.0 Nooo) 0.0 1000 10000 00 00 00 1000 00 00 00 00 00 00 000 1000 00 00 00
G 100.0 00 0.0 000 )00 1000 00 00 00 90001000 00 00 000 00 000 00 00 00 00 00 1995 100.0
T po 00 o0 o0 Jooloo o0 00 (40600 00 00 00 00 00 1000 00 1000 00 00 00 00 00 00
BE3 treated | Lys I Alascys | Leudies | Ala [ val | Tyr | Gin | indel %
ArpEaciseR G | A [ A [ 6 fle.l 6 [eclec Tl lealeclala T G | T Al c e ala|a] as
A 0.1 [100.0 1000 00 fJo5| o0 13 08 00 00 00 00 1000 00 00 00 00 [1000 00 00 1000 00 0.1
Cc 00 00 00 0.0 J237) 00 (474 435 00 00 00 989 00 00 00 00 00 00 2000 1000 00 00 00
G 998 00 00 00009 999 11 07 00 1000 1000 00 00 1000 00 1000 00 00 00 00 00 1000 939
—> T 0o o0 o0 00 |749| o1 [S0.2 550 1000 00 00 ©041 00 00 1000 OO0 4000 00 00 00 00 00 00

Casd + HDR [ Lys I Aazces | Leu ] Al [ Val | Tyr | Gln | Indel %
ApoEqciser [ G | A [ A G leafe]c [ T[aeg|lae[c|aJag][]T[a|T ! AJc|[c[AJG]G] a1

0.0 9000 1000 00 Joo | 00 00 00 00 00 0.0 00 8994 00 00 00 0.0 9000 00 0.0 1000 00 00

A .
c 00 00 00 00 fe87| co (888 @88 00 00 00 1000 05 00 00 00 0.0 00 1000 9000 00 00 00
G 100.0 0.0 0.0 000 )00 7000 00 00 00 1000 999 00 00 (998 08 998 02 00 00 00 00 000 100.0
T 00 00 00 00 Joa|oo o1 01 (4000 00 00 0O 01 04 983 01 8@ 00 00 00 00 00 00
b Untreated Arg Ala Mt Ala lle Cys Lys indel %
TPS3Y163C | C c |G| cC G |l clc Al T ] G G|l c|c Al Tlc | T lec)lclalalea Cc | oo
A 00 00 00 00 00 00 00 1000 00 00 01 00 00 1000 00 00 00 |00 0.0 1000 998 00 00
c 1000 1000 00 (4000 00 1000 1000 00 OO0 00 00 1000 1000 00 00 1000 00 OO J4000 00 00 00 1000
G 00 00 000 0.0 '298 00 00 00 00 00 998 00 00 00 00 00 00 §988) 00 00 00 000 0.0
T 00 00 00 00 00 00 00 00 /9000 00 00 00 00 00 1000 o0 H00@)oo| 0o 00 00 00 00
BIE3 treated [ Arg | Ala | Mat [ Ala | lle | E Y T Lys | Indel %
treavigac [ C [ C [ G [c[efcle[alTl]ag|Geg[c]c | AJTIcE[TJGlc[AJAJG[C] a7
—» A 00 Q00 00 00 01 00 00 0l 00 00 0 00 00 1000 00 00 00 )76 | 00 9000 1000 00 00
c 100.0 1000 00 000 00 40007000 00 00 00 00 (838 1000 00 00 1008 00 |04 |4000 oo 00 oo [d000
G 00 00 4000 00 (998 00 00 00 OO0 998 998 00 00 00 00 00 00 98| 00 0.0 00 000 00
T 00 00 00 00 00 00 00 00 /4000 01 00 01 00 00 9000 o0 Ho00)oi| oo oo 00 00 00
Cass + HOR [ Arg ] Ala | Nt | Ala [ lle [ T3 T Lys | Indal %
TPsavieac [ € | c e el e lcle|alTlealaleclec|alT]c | TlalclAlAalGg]|cE] &
A 00 00 00 00 00 00 00 1000 00 00 00 00 00 1000 00 00 00 |oo0| 0.0 999 1000 00 00
C 10000 1000 0.0 1000 00 000 1000 00 00 00 00 1000 1000 00 00 1000 00 | OO0 |00 00 00 0.0 [100.0
G 00 00 {006 oo {008 oo oo oo oo 90607888 0o oo oo 00 o0 oo [oed| oo oo oo Hoed oo Komor et a|_, Nature 2016
T 00 00 00 00 00 00 00 00 4000 00 00 00 00 00 4000 oo H000)oo| 0o 00 00 00 00
Figure 4 | BE3-mediated correction of two disease-relevant mutations Two nearby Cs are also converted tot%, but with no change to the
in mammalian cells. The sequence of the protospacer is shown to the predicted sequence of the resulting protein. Identical treatment of these p. 8
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> Genome editing w/o DSB or donor DNA: Prime editor

b Prime editor (PE) and pegRNA Target DNA
Reverse pegRNA nick site
transcriptase Protospacer PAM
domain A

5’"'||||[II|||||l||||||||IT|\T|IIIIIIIII"'3’
pegRNA 3"‘_;/_\_2 Fens | ees’

[ 1
Edit position: +|1 +4 +12

' Prime editing range
Prime editing scope: for SpC PEs
5 All 4 transition point mutations
All 8 transversion point mutations
Insertions (1 bp to = 44 bp)
*5e0 nickase Deletions (1 bp to = 80 bp)

domain Combinations of the above

Primer- RT template Direct polymerization of edited
c binding site including edit DNA from the pegRNA into
R Y

3 the target site

PE +
pegRNA ———» 5.

— & —_—
+ DNA Ni‘:km B Hybridization of Reverse
of P primer-binding transcription
strand site in pegRNA
to PAM strand
3’ Flap 5F
(contains edit) (lacks edit)
: Flap 5 5’ Flap DNA .
yf equilibration cleavage repair Edited DNA
5'uu = 3 5aer e 3’ 5leee gy 5" o g
- I, . 5 «——— ... I TI e [T 5 .. I - 5.
1L Ligation T

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)

INRAZ Anzalone et al., Nature 2019
Tools & methodologies — Transgenesis in organoids
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> Genome editing with relaxed PAM requirement

doi:10.1038/nature26155

Evolved Cas9 variants with broad PAM
compatibility and high DNA specificity

Johnny H. Hu'#3, Shannon M. Miller'**, Maarten H. Geurts"*?, Weixin Tang"*?, Liwei Chen®*?, Ning Sun'-*3,
Christina M. Zeina'??, Xue Gao'-%?, Holly A. Rees!->3, Zhi Lin'? & David R. Liu'*3

RESEARCH Nature 2018
Science 2018

BIOTECHNOLOGY

Engineered CRISPR-Cas9 nuclease
with expanded targeting space

Iliroshi Nishimasu'®, Xi Shi™", Soh Ishiguro™**, Linyi Gao™", Seiichi ITlirano",

Sae Occzaki®, Taichi Noda®, Omar . Abudayyeh®®, Jonathan 5. Goolenberg™%®,
Iidelo Mori™* %, Seiyva Oura™"", Benjamin Tolmes™, Mamorn Tanaka®, Moloaki Seki®,
THisabs Mirane', ireyuki Abaratani®, Byoichire Ishilani’, Masahibe Tkawa™"",
Momemu Yachie™ ™" Feng Fhang™""*, Osamu Nureki'®

O ad dge n e Browse Catalog - Deposit ~ Education & Tools ~ Help Center -

:NF'“:@ N A Better Way
00lIs &« methodologies — Iransger [
12/09/2023 G. Egidy to Share Science @ |



> CRISPR genome editing efficient in livestock

CRISPR-mediated gene ko in livestock: Agricultural applications
Biomedical applications
CRISPR-mediated knockin in livestoCK s e s e o s

Species Gane Purpose of manipulation Type of KI Approach SCNT or MI Kl Animal Mosaici Ref
produced (%)
: » .
Sheap S0CS2  Reproductive traits Point raitation  Crispr/Cass BE M 34 (25%)  A3(100%) Zhou et al. |
BMPRIE  Reproductive traits Peant mutation Crispr/Casg i 521 (23.8%) MNotstated Zhoueat a
Goat Tpa CCRS-targetad Kl, cashmers yield Gene insartion Crispr/Casd SCNT 1 MA Li X at al. |z
FGEFS Cashmare yield Peint mutation  Crispr/Cas0 BE Mi 5/5(100%) S/5(100% LiG. atal
GOF9 Reproductive traits Peant mutation Crispr/Casg M AT (235%) 204 (50.0%)
FAT-1 Diseasa resistance Gene insartion Crispr/Casg SCNT 1 from 8 MAA
pregnancas
Cattle Pe Genaration of a polisd genolype Gene insartion Crigpr/Cas12a SCNT 1, died on D1 MR
after birth
NRAMPT  Tuberculosis resistance Gene insartion Crispr/Gasan SCNT ] MR
IARS Correction of IARS syndroms Gene insartion Crispr/Casg SCNT 5 viable felusas MAA
Pig PED-2  Dicease-resistant pigs Gene insartion Crispr/Casg SCNT 5 pigs MAA
MSTN  Meal production Gene insarion Crispr/Casg SCNT 2 pigs MAA
uce? Reproduction traits Gene insarion Crispr/Casg SCNT 12 paglets MAA
MSTN  Meal production Peant mutation Crispr/Casg SCNT 1 stilborm piglet MR
MSTN  MSTN-KO withou! selectable Gene insartion Crispr/Casg SCNT 2 pglets Mo Bi at al. (2016}
markar
RSADZ  Geraration of pigs with viral Gene insartion Crispr/Casg SCNT 1 pig No ¥ el al. (2020)
resslancs
Biomedical appications:
Sheap ALFL Model of hypophosphatasia Point mutation Crispr/Casg M B/9 (66.6%) Mo Williarms at al.
2
PPT{ Infantle neuronal caroid Peant mutation Crispr/Casg i 624 (25.0%) Mot stated  Eaton e (2019)
lipoluscinoses
IGFP RosaZ6-tarpated Kl Gene insartion Crispr/Casd M 1/8 (12.5%) Mot stated Wu et al. (2016)
OTOF  Hearirg loss phenotype Peint mutation Crispr/Casg Mi ATI(11.0%) 2/8(25.0%) Mench
Cattle CMAH  Xenotransplantation Point mutation Crispr/Cas12a SCNT 2 MAA
Pig FEQ Gena therapy for hamophila B pigs Gene insarion Crispr/Casg SCNT 5 pigs MAA
BafaXyAp Salivary gland as bioraactor Gene insartion Crispr/Casg SCNT 4 paglets (1/4 MAA
H H H H alive)
Per|55e Et al" Frontlers In Genetlcs 2021 HAPP  Type 2 diabetic minkature pig model  Gene insartion Crispr/Cast SONT 24 MNAA
SNCA  Parkinson's diseasa madel Gene insartion Crispr/Casg SCNT 8 pglets MAA
HTT Huntingtin KI maodel Gene insartion Crispr/Casg SCNT G pglets MAA
I N RA@ GGTAT  Xenolransplantabion Gene insarion Fokl-dCasa SCNT 2 peglets MAA Mottle et al.
tTomato  porcing Octd reportar systam Gene insartion Crispr/Casg SCNT 2 paglets MR Laiat al.
hALS Tag animals as bioreactors Gene insartion Crispr/Casg Mi 1616 (100%) 116 (6:3%) Peng at al. (2015)
Tools & methodologies — Transgenesis in organoids GFP  Hitargeted kI Geneinsaion  CrspriCasy  SCNT 1 piget WA Ruanetal (2015)

12/09/2023 G. Egidy somatic call Auclear transfer: M), zygote microinjection; BE, base editing: N/4, not applcable.



> Guide RNA design other than mouse and human

@ eu.idtdna.com/site/order/designtool/index/CRISPR_PREDESIGN

PRODUCTS & SERVICES = APPLICATIONS & SOLUTIONS + SUPPORT & EDUCATION ~

A Non sécurisé | chopchop.chu.uib.no

Custom Alt-R" CRISPR-Cas9;

Generate CRISPR-Cas? guide RNAs (gRNAs, such as crRNA
human, mouse, rat, zebrafish, or C. elegans genes are availabl

Home

Search for predesigned gRNA Design custom gRNA

Species Other species (no off-target anal
Input format FASTASequence v |9
R Target
Paste/Type input Upload file e.g. EXT1

RefSeq/ENSEMBL/gene name or genomic
coordinates.

Enter up to 10 FASTA Sequences.
Please enter sequences in standard FASTA formatting.
No more than 1000 bases accepted.

Haeussler et al. Genome Biology (2016) 17:148
DOl 10.1186/513059-016-1012-2

Genome Biology

RESEARCH Open Access

Evaluation of off-target and on-target @eee
scoring algorithms and integration into the
guide RNA selection tool CRISPOR

Maximilian Haeussler”' ®, Kai Scht’migz, Hélene Eckert, Alexis Eschstruth?, Joffrey Mianng®, Jean-Baptiste Renaud®,
Sylvie Schneider-Maunoury”, Alena Shkumatava®, Lydia Teboul®, Jim Kent', Jean-Stephane Joly®
and Jean-Paul Concordet””

TOOLS =

Instructions

G & &

COMPANY ~

Scoring About Updates Submissions Contact FAQ

CHOPCHOP :::>::::::x::::::<:::\\)

In Using For

Sus scrofa (Sscrofa11.1) ad CRISPR/Cas9 nickase v knock-out

£ adjusted in Options.

Oryzias latipes (ASM223467v1)
Oncorhynchus mykiss (Omyk_1.0)
Oreochromis niloticus (ASM185804v2)

Qvis aries (Oar_v3.1)

Peromyscus californicus (GCA_007827085.3)
Rattus norvegicus (rn6)

Rattus norvegicus (mRatBN7.2)

Salmo salar (GCF_000233375.1)

Salmo salar (Ssal_v3.1)

Salvelinus namaycush (GCF_016432855.1) >

p. 12



2 Main output of CRISPOR — sg design tool

Homo sapiens (hg38), chr7:5529546-5529784, reverse genomic strand

Colors green,

Variant database: dbSNP 148 Common SNPs [ F77770)

Missing a variant database? We can probably add it

At the top, a graphical representation of the
Found 52 possible guide sequences in input (239 bp). Click on a PAM NGG match to show its 20 bp guide sequence. |nput Sequence Wlth Va r|a nts and CRISPR Sg

Shown below are the PAM site and the expected cleavage position located -3bp 5' of the PAM site.
and red indicate high, medium and low specificity of the PAM's guide sequence in the genome.

0 10 20 30 40 50 70 80 90 100 110 120 130
cttcctttgtecccaatetgggegegegecggeg ggcggectaaggactecggcgegecggaagtggecagggegggggcgaccteggetcacagegegeccggetattetegecagetcaccat gGATGATGATATCGCCGC!
COPans’ | CECmm CCGe~=| €CCaes ECTSS (o CCh=== Gracs CCaam ceG-
(o ===CGG CCCo-m ==-2GG =—-2G R RacCa (s SRECE
CCA-~~ CCCnm= -——nCGG ===T66  =n=CGG ---CGG
CCT--- T
o
GLs
~==GCG

Download for: SerialCloner (free) - ApE (free) - GenomeCompiler - Benchling - SnapGene - Geneious - Vector NTI - LaserGene - Genbank - FASTA

Predicted guide sequences for PAMs

Ranked by default from highest to lowest specificity score (Hsu et al., Nat Biot 2013). Click on a column title to rank by a score.
If you use this website, please cite our CRISPOR paper in Gen Biol 2016.

Download as Excel tables: Guides / Off-targets / Saturating mutagenesis assistant

& High GC content
Enzymes: BsiFl, Bsll
Cloning / PCR primers

31 off-targets

Position/ |Guide Sequence + PAM Specificity Predicted Out-of- Off-targets for |Genome Browser links to matches sorted by CFD off-
Strand £2 |+ Restriction Enzymes ¢ Score @ | Efficiency € showan | Frame score (0-1-2-3-4 target score ¥
+ Variants 4 scores v mismatches —lexons only [ chr7 only
~1Only G- [ Only GG- [ Only A- © § + next to PAM
o ® Click onscore to | ¢»
= §I show micro-
= A homology
g S
(=} =
TTCCGGCGCGCCGAGTCCTT AGE _0-0-0- 4:intergenic:SYNJ2BP-COX16/SYNJ2BP-RP11-486013.4
R | ermeramaaras s 97 b = o7 3-09090—[1) . 4:intergenic:AC013275.2-SCTR
Enzymes: BshFi, Bse21l, Taul, BStDEI, 4intron:CR1L
Ssil, Fsp4HI show all...
Cloning / PCR primers 15 off-targets
12/ rev CGCCGGCGCGCGCCCAGATT GGG 96 21 58 71 0-0-0-3-28 |#exonilMF1
....................... 0-0-0-0-0 4:intergenic:MIR4291-RP11-53B5.1

4intron:DAZAP1
show all...

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.

Allows evaluation of
off-target effects:
Indels/mutations
away from target,
present with nuclease

use y OXFORD

UNIVERSITY PRESS



> Organoids from livestock

Slaughterhouse / Research labs

& W f -r‘\n

WMJ b | Y Ji

- -

GUT SAMPLING

£ 2 Isolated Crypts
. %  Crypts from Biopsies

W%X S Culture in Matrigel™
—~ . and diverse factors (tables 1-3)

Growth and differentiation of cells

s ;;""i nk\:;\ x‘iryptu

¥ G - ./) E‘uffl

0 = 7 Days
Expansion
Differentiation
Screening

APPLICATIOQONS
‘ *\‘n Phenotyping E
Biobanki
’ N B
J
y = e:' ", h:emTw M
& Lo
Y — T e P
molecules/
/' microbes
2 Basic
sclence &

Created in BioRender.com b

Figure 3 Morphological features of porcine gut organoids
obtained from frozen tissues. Organoids are derived from: A
duodenum (7 days, passage 3), B jejunum (7 days, passage 1), Cileum
(7 days, passage 3) and D colon (8 days, passage 1). Observation by
phase contrast microscopy. Bars: 200 um. Images are representative
of organoids obtained from 4 pigs for each digestive segment.

Beaumont et al. Vet Res 2021

Virtually all organs: brain, skin, airways, gut, liver, kidney, pancreas, testis, retina
But they are not immortalized cell lines.

INRAZ

Tools & methodologies — Transgenesis in organoids
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> Editing strategies depend on phenotype selection

no

neutra
or unknown

phenotype
?

no

growth-
compromising
phenotype

yes

defined
alteration
desired?

non genetic

""""" A
Y
b) CRISPR-Cas9 [ - ! d) conditional e) Tet-regulated
-mediated gene atec transcriptional lentiviral
disruption disruption ek termination shRMNA
(NHEJ) (NHEJ) sequence expression
with FACS (CRISPR-FLIP)
L ~ A ~ v
targeting vector required partial gene loss

Fig. 4 Considerations for successful modification of gene function in organoids. Flowchart depicting key questions that determine which
strategies are most effective to obtain a desired transgenic organoid line. A factor is the anticipated phenotype of the gene of interest. Positively
selectable traits such as growth advantages or discemable morphologic changes can be used to identify donal organoids after NHEI-mediated gene
loss (a). For modifications that result in neutral or unknown phenotypes, a pre-enrichment strategy (e.g., by FACS should be considered (b). If a
defined alteration rather than gene loss is desired, classical HDR-mediated knock-in is recommended (). To address phenotypes that result in
compromised growth, inducible strategies, e.g, insertion of a conditional transcriptional termination sequence (d) or by knockdown using Tet-
requlated lentiviral shRNA (g), are required. For additional information on the different approaches (a-e), please refer to Table 1.

INRAG Menche and Farin, Exp Mol Med 2021

Tools & methodologies — Transgenesis in organoids p.15
12/09/2023 G. Egidy



> Delivery methods and Efficiency of transgenesis in

organoids
A
Electroporation outperforms lipofection —
Trypsinized organoids ATGD EESTOP

Transfection by electroporation or liposomes =~ Mo luS—

Resuspension in cold matrigel
After 2 days: selection of stable organoids e sTOP
After selection: budding organoids medium

UKD BAC reporter

Ab selection Ab selection

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

mMH2A-GFP

INRAZ

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

cantrol

SsC

Lipofectamine

Amaxa

S8C

arr ¥

0.0%

GFP_ W

SN .
S =
] 0 > > "® o
FsC

1%

mTub-GFP

villin::CreERT2 mice

v

GFP

FsC

mLyz-RFP
Schwank et al., PLoS One 2013
p. 16



> Delivery methods and Efficiency of transgenesis in

organoids
Electroporation gene delivery protocol for organoids

Control -
d oo, K3 o 0.003%
é o mK': g o
§ 0037 mem{—; . Ezm( :
% 0.02 + o-a KmK 60K mom“ 1o 10 10° 10° 010“ 10" 10° 10° 10
@ Fsc GFP GFP
% 0.01 4 Mucleafactor /-\
s 0Ky / 0w ) gz
0+ 84“-: A ) é o
.-559 r§§§: & §po g s i A-CORER .
& @ < Odn* 1 10° 10" 102 10® 10t
QD@®\ é’@@ \§ 0] ko BhRLL BAL AL GFP
TrypS|n|Zed OrganOIdS \.}Qﬁ"\ \.}Qf} & 0 EUKFE:EK 60 K 107 10 é'tlpm 10 M?i;::;:;?ic;gce
Transfection in NEPA21 electroporator Rt ok
Recover cells 30min RT o] N e
Resuspension in cold matrigel + inh Wnt&ROCK 4., 3 20k K7
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After 7 days: selection of stable organoids 0 Horrmr 0 GFP
0 20K 40K BOK 10° 10" 10* 10° 10° 10" 10 10* Mean fluorescence
FSC GFP GFP intensity: 94.8

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

6 wells /24WP 24 wells /24WP
Fujii et al Nat Protocols 2015
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> Delivery methods and Efficiency of transgenesis in

organoids

CRISPR-Cas9 editing system to Ko lentiviral

transduction and single cell cloning
* 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

INRAZ
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Preparation of lentivinus vector
with tha CRISPR-Cas3 targsting
gane of inferest

(Steps 1-25)

20mer targeting sequence

. — ]

PaM
Human gename

v

Annealed and
phospharylated oliges Bs';f:;:g;s'cmkgo‘f:m
s the insert

(Steps 26-47)

LentiCRISPRv2-sgRNA
psPAX-2 l )
Triple transfect
infe 203FT cells
1o produce lantiviruses m

Fig. 1 |. The steps of lentivirus packaging and transduction.

—>

6,7

Sequence verification and
function assays
(Steps B4-118)

Verify each clone
by sequencing and functional assays

ﬂ In\ |
Sequencing data  Westemn blotting
of the target site  for the target protein

1

(Steps 74-83)
Limiting dilution
1o generale single-call clones

®R@O

MNumbered HIE single-cell clones
in 96-well plates

34

)

Lentivirus transduction, recovery and.
Ty jon of HIE:

(Steps 48-73)

. A
g"‘“ % Transduce into HIEs

for antibiotics sslecfion
LL)
ot

A e%e
.- Puramyzin

The protocol has seven parts: (1) preparation of lentivirus vector with the CRISPR-Cas?
targeting gene of interest; (2) lentivirus packaging: (3) lentivirus transduction of HIEs: (4)
HIE recovery and antibiotic selection: (5) single-cell cloning: (6) sequencing verification of
single-cell clones; (V) using KO lines to evaluate host gene function in viral replication or

other biological processes.

Lin et al., Nature Protocols 2022
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> Delivery methods and Efficiency of transgenesis in
organoids
Nanoblades achieve high % gene editing in organoids with low toxicity

A Time 1 week 5 days 1 day 2-3 weeks 2 days
Seeding for
General Cloning gRNA = NanoBlade > Transduction > organoid clone > Genotyping

~ production

Nanoblades: protein-delivery vector  workfiow
(MLV) tranfering Cas9-sgRNA RNP in

generation

. . . s B Brightfield GFP
vitro & in vivo (5‘3\\ ' |
g
g__Q/ <6hs 2 8
MLV GAG:Cas9 l Dissociation %
[ WA CA NG I cass | ::q": Transduction * =
T~ Tt | seeding "
TRSSLYPALTPTGLYEDDODK — E &
LY O\ $9
Ss
- Purification seskk
ﬂm—m:u\q ¥ D i =
| "jl;ﬁ' - R Ki ¥ [ comwliarr | 100 I
veua i > N .'f:i% 3004 [ Blade ant-arp || *
> g0 A s% 5 1
:Casd Wy 1
T = i 32001 M\ 7sn || P I e A
B Nanohlade = I — | 3
e ) S100] [ ) ' T 404
,{ | ) \ ;; L
Producer cell 0 3 \ ! \. 20 -
101100 10" 102 10°
Mangeot et al.,, Nat Comm 2019 GFP g o-—em L LL
0.0 0.2 0.4 1.0 2.0 4.0
Cas9 protein (umole)
INRAZ Tiroille et al., Mol Therapy 2023
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> In trans paired-nicking w/o DSB allows allelic analysis

B COHI-mSC, HISTIHZBC-TO & mNG-LMNA COHI-mSC, HISTTH2BC-mT0 & mMG-SECE18 COHI-mSC, HISTIH2BC-mTO & mMNG-MAP4
e 0 | 50 | " o]
rget TIDE analysis of different knock-in sirategies at the SEC61B locus B 571 005/ 0.10 7 026/ 0,00 . " 015/ 0.03
o = i / 00 2 1 f F1 = ]
o —»| ™ A £ 130 —> | i / el —> | |1
g 44| g‘ | [ 142 5 21 g 7/ | 24 E‘ P
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A ; R
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H Py
WT :
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- - — A e SC/MNG- 2
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> Base editors to correct a genetic defect: CFTR

Maarten H. Geurts, Eyleen de Poel,

664 cystic fibrosis intestinal organoids organoid biobank i :
patients Gimano D. Amatngalim, ...,
E E Cornelis K. van der Ent,
Jeffrey M. Beekman, Hans Clevers
nonsense CFTR
mutations Correspondence
j.beekman@umcutrecht.nl (J.M.B.),
ho expression ABE-mediated expression of h.clevers@hubrecht.eu (H.C.)
of CFTR protein rescue of nonsense CFTR CFTR protein

In Brief

nCas9
Here, we show the generation of an
extensive cystic fibrosis patient-derived

m intestinal organoid biobank. We use this
a Q = TA O< ’ biobank to study gene correction by

organoids organo.ds adenine base editors and show genetic

H20 .
“hao n do not nCaso el repair of four selected nonsense
swell
mutations in CFTR without any genome-

M TTICIT wide off-target effects on canonical and
LAl LLichiif .
non-canonical PAMs.
TadA TadA
nonsense mutated i ) ) wildtype
CFTR intermediate repair state CFTR

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 )
INRAS Cell Stem Cell 2020
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2 CRISPaint : modular base-specific gene tagging through NHE)

[ HHI
Genome
ICIeavage
SgRNA E sgRNA E
CAS9 CAS9
|Expression Expression ICIeavage

UB sgRNA ' UB sgRNA

Target Tag gene pA
site

Target selector  Frame selector 0-1-2

Universal donor system

(1]
A& o ® ©O
| | | |

ACTG1-mNeon positive (%)
o
|

0

Universal donor

hACTG1 locus 5 B .-

AGCAAGCAGGAGTACGACG A‘GTCC('.GCCCCTCCATCGTCCJ\CCG CAAATGCTTCTAAACG

PAM
<+

Target site PAM

~

STOP

Y
(_. . -GGGCCAGTACCCAAAAAGLGGLLEETCTGGTGGCAGTGGAGGGGGATCCGTGAGL. _)
mNeon

Universal donor

l

-+ . AGCAAGCAGGAGTACGACGACGGGGE

S K Q E
ACTG1

Y D D G G

T kDa
70 —

BE =

kDa
40 —

Donor

Donor - + -
Frame selector - - +
Target selector - - -

Figure 2 | Modular three-plasmid gene tagging system. (a) Three-plasmid tagging system. A target selector plasmid expresses an sgRNA

Frame selector

- + + Target selector

GTCTGGTGGCAGTGGAGGGGGATCCGTGAGT . . .
$ GG S GGG 5 V 5

Artifical linker mieon
ACTG1-flag
-—
Flag-mCherry
- T — S Ty S |

- + - - + + - +
- - + - + - + +
- - - + - + + +

)
++ « GGGCCAGTACCCAAAAAGCGGGGGGTCTGGTG. . .
l Target site PAM

Frame selector +0

A}
. . . GGGCCAGTACCCAAAAAGCGGGGGGTCTGGTG. . -
( Target site PAM

Frame selector +1

Y
« o« GGGCCAGTACCCAAAAAGCGGGGGGTCTGRTG. . «
( Target site PAM

Frame selector +2

targeting a gene of interest. A frame selector plasmid expresses an sgRNA targeting the donor plasmid. A universal donor plasmid contains the tag gene.
(b) Sequence details of the universal donor plasmid when integrating into the human ACTGT gene. (¢) Due to a poly-G stretch within the target site
of the universal donor plasmid it can be cleaved at three adjacent nucleotide positions, which allows specifying the frame of integration at the time of
transfection. (d) Fluorescence imaging and deep sequencing analysis of ACTGT-mNeon gene tagging using a three-plasmid system and different plasmid
combinations. ND, not determined. (e) Image quantification of ACTGI-mNeon-positive cells. Shown are mean values + s.e.m. from three independent
biological replicates. (f) Immunoblotting of ACTGI-Flag gene tagging using a three-plasmid system and different plasmid combinations.

Schmidt-Burgk et al Nature Comm 2016

INRKAY

Tools & methodologies — Transgenesis in organoids

12/09/2023 G. Egidy

p. 22



> CRISPR-HOT minimizes the need of molecular cloning

Using CRISPaint:
T — — Tagging rare differentiated cells in organoids, with

. . Picking knocked-in
Cloning homology arms ~ Cloning sgRNA = Transfection === and line generation = Genotyping

s 4 A . & differentiation pulse to detect fluo organoids

HDR HDR HDR HDR & low efficiency
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TransfeRc;c‘le(})n efflcfency dependS on locus

Artegiani et al Nature Cell Biol 2020
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In vivo
small intestine

In vitro
organoids

> Regulators of intestinal epithelial maturation and cell

fate

Fetal E16.5 Adult

®

r—
—
¢
4

Fetal enterospheres  Adult organoids
(FEnS) (aOrg)

INRAZ
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Fetal transcriptional C
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| s.c.«umw
70
.
Hansen et al Sciences Advances 2023
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> Organoid biobanks to identify therapeutic targets
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ACE2 and DPP4 are the obligate entry receptors for SARS-CoV-2 and MERS-CoV, respectively. a qPCR analysis targeting the
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While chloroquine effectively inhibited viral
replication in VeroE®6 cells

Beumer et al Nat Comm 2021
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> LGR5-H2B-GFP Pigs organoids APC/-developed cystic
growth

» LGR5-H2B-GFP colonoids dissociated to single cells (TrypLE + Y-27632)

= 250000 cells + 5ug sgRNA + 5ug Cas9/nucleofection

= Washed cells plated 5000 cells/50ul Matrigel

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

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
INRAZ
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Cons

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

p.27



> 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

INRAZ

nature biotechnology

Article https://doi.org/10.1038/541587-023-01857-x

Evolutionary mining and functional
characterization of TnpB nucleasesidentify
efficient miniature genome editors
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