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Supplemental Material and Methods

Cloning strategies

Lentiviral CRISPR/Cas9 all-in-one vector plasmids pLKO5.hU6.sgRNA.Tet2.PPT.EFS.SpCas9.P2A.
EGFP.gPRE (HIV-1-based LIT.CRISPR.Tet2)! as well as the LIT.SFFV.RFP657.Tet2 reporter
construct (pLKO5.PPT.SF.RFP657.Tet2.i2.Puro.PRE)! were designed and generated in former
studies.

To enable silencing resistant expression of the RFP657.Tet2 reporter cassette in hiPSC, we replaced
the SFFV promoter in the LIT.SFFV.RFP657.Tet2 reporter depicted in Figure S1A! by a promoter
configuration which was validated to most efficiently inhibit epigenetic silencing in hiPSC.2 The promoter
configuration consisted of the minimal ubiquitous chromatin opening element CBX32 juxtaposed to the
elongation factor 1 alpha short (EFS) promoter and was inserted as an Xhol/Agel fragment into the
LIT.SFFV.RFP657.Tet2 reporter plasmid. The resulting lentiviral reporter plasmid was named
LIT.CBX.EFS.RFP657.Tet2 (pLKO5.PPT.CBX3.EFS.RFP657.Tet2.i2.Puro.PRE).

The cloning strategies for g.CA.pr.MS2CP (pcDNA3.MLV.Gag.CA.pr.MS2CP), g.Pol, SpCas9.TS, and
Tet2.TS, TP53.TS, Trp53.TS or CXCR4.TS sgRNA expression constructs are described elsewhere.*
For EGFP.TS.inc sgRNA expression a non-retroviral expression plasmid was generated
(pPCMV.DsRedexp.hU6.sgRNA.EGFP2.TS.inc.pA) by introducing phosphorylated and annealed
oligonucleotides 5-CACCGCACTGCACGCCGTAGGTCA-3" and 5-AAACTGACCTACGGCGTGCA
GTGC-3 into the BsmBI site of pPCMV.DsRedexp.hU6.BsmBI-Stuffer.TS.inc.*

For the generation of pcDNA3.ASLV.Gag.co.NC.pr.MS2 (a.Gag.MS2), we first generated
alpharetroviral Gag expression plasmids with codon-optimized subdomains (MA, p2, p10, CA and NC)
with or without the retroviral protease site adjacent to NC. The codon-optimized incomplete a.Gag
fragment lacking the PR subdomain was amplified with primers 5-CGTGAGATCTGAATTCGC
CACCATG-3' and 5-CCATACCGGTGCTCACGGCCAGGCTCACGGCAGGCTC-3 from the codon-
optimized alpharetroviral wt Gag-Pol expression plasmid (pcDNA3.wtAlpha.G/P.co).®> Subsequently,
the PCR fragments were inserted into the EcoRI/Agel digested pcDNA3.ASLV.Gag.NC-GFP backbone
(Gag part is not codon-optimized) to generate codon-optimized (Gag part only)
pcDNA3.ASLV.Gag.co.NC.pr.EGFP. Finally, the EGFP transgene was replaced by the MS2CP

heterodimer sequence* by restriction enzymes Agel and Notl.

Genetic detection of HDR events

For genetic analysis of a.Gag.MS2.CRISPR.HDR-induced HDR events in HT1080-based EGFP
reporter cells, selected cell samples (treated or untreated) from Figure 6B were sorted for EBFP positive
cells 13 d after transduction. gDNA was isolated from these cell populations with the QIAamp DNA
Blood Mini Kit (QIAGEN) following the manufacturer’s instructions. Subsequently, the respective locus
of the EGFP/EBFP gene was amplified by primers 5-ATGGTGAGCAAGGGCGAGGAG-3' and 5'-
CTTGTAC AGCTCGTCCATGCCG-3’ using the Phire Tissue Direct PCR Master Mix (Thermo Fisher
Scientific). Finally, the obtained PCR fragment was sequenced with the primer 5'-
TTGAAGTTCACCTTGATG CCG-3' and the sequencing results were analyzed by the online ICE v2
CRISPR Analysis Tool (Synthego).® For the molecular conformation of HDR events in NuFF-based



EGFP reporter cells, selected bulk cultures from Figure 6C were harvested 3 d after transduction
according to the instructions of the Thermo Scientific Phire Tissue Direct PCR Master Mix kit. The
EGFP/EBFP locus was amplified as described above and the resulting amplicons were subcloned into
a shuttle vector. After transformation into XL1-blue Escherichia coli bacteria (Agilent, Waldbronn,
Germany), the plasmid DNA of bacterial colonies was extracted and analyzed for positive HDR events

via sequencing and the online ICE v2 CRISPR Analysis Tool.

Table S1

Table S1: Comparison of Gag.MS2 particles and non-viral RNA delivery methods: Advantages and
disadvantages of respective technologies.

nanocarriers

moderate cytotoxicity;
protection from nucleases;
in vivo application; low
immunogenicity

escape; concerns about
in vivo biodegradability;
specific tissue targeting is
challenging; cell type-
and composition-
dependent cytotoxicity;
limitations in fabrication
reproducibility

RNA Delivery Advantage(s) Disadvantage(s) Exemplary
Method References
Naked RNA Simple; in vivo application; | Ineffective cellular
delivery easy upscaling uptake; prone to nuclease | ™12
degradation; can be
immunogenic; fast
systemic clearance
Electroporation Highly efficient; high Voltage-induced
reproducibility; easy cytotoxicity; no cell 12-18
upscaling targeting; mainly for ex-
vivo applications
Lipid-based Moderate efficiency; low to | Inefficient endosomal
12,17,19-23

Polymer-based
nanocarriers

Moderate efficiency; low to
moderate cytotoxicity;
protection from nuclease;
in vivo application;
capacity for cell-specific
targeting; low
immunogenicity; facile
synthesis

Inefficient endosomal
escape; cell type- and
composition-dependent
cytotoxicity

12,17,20,23-26

Direct Ligand-RNA

Limited cytotoxicity; in vivo

High RNA doses

endosomal escape;
capacity for cell-specific
targeting and in vivo
application; relatively well-
tolerated procedure

factor expression;
producer cells needed for
particle generation

conjugates application; cell-specific required; dependent on 11,27-30
targeting RNA-stabilizing
modifications; only shown
for small regulatory RNA
Retrovirus-based Highly efficient; delivery of | Efficiency is dependent
Gag.MS2 particles | non-retroviral RNA; low on cellular co-factor 4,31-40
immunogenicity; efficient and/or antiviral restriction | this paper
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Figure S1. Schematic illustration of integrating retroviral vectors used for CRISPR/Cas9 experiments in this
study. (A) Lentiviral integrating transfer (LIT) vector encoding the RFP657.Tet2 reporter cassette. The far-red RFP657
gene is expressed from the spleen focus forming virus (SFFV) promoter (top) or the silencing resistant CBX3.EFS
promoter (bottom). The latter consists of a minimal ubiquitous chromatin opening element (CBX3) fused to the elonga-
tion factor 1 alpha short (EFS) promoter. The RFP657 gene contains the sgRNA recognition site (including native AGG
PAM) for the mouse Tet2 gene downstream of its start codon (ATG). RFP657.Tet2 is expressed together with the
puromycin resistance gene (Puro) via the internal ribosomal entry site (IRES) of the endomyocarditis virus. Representa-
tive FACS plots of non-transduced (Mock) or a.Gag.MS2.CRISPR.Tet2-transduced HT1080- or hiPSC-based
RFP657.Tet2 reporters are shown on the right. (B) LIT and gammaretroviral transfer (g.RIT) CRISPR/Cas9 all-in-one
vectors targeting mouse Tet2. In contrast to the long terminal repeat (LTR)-driven g.RIT.CRISPR.Tet2 vector, respective
LIT vectors display self-inactivating (SIN) design. sgRNA expression is driven by the human Pol Il promoter U6 (hU6),
and the Streptococcus pyogenes Cas9 (SpCas9) is either co-expressed with green-fluorescent EGFP or the red-

fluorescent dTomato protein via 2A self-cleavage sites from porcine teschovirus-1 (P2A) or thosea asigna virus (T2A).
PRE: post-transcriptional regulatory element from woodchuck hepatitis virus; W: retroviral packaging signal; RRE: Rev
responsive element; cPPT: central polypurine tract.
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Figure S2. Reduced cytotoxicity in hiPSC that were treated with Gag.MS2-based CRISPR.Tet2 particles.
Absolute cell numbers (A) and the respective pluripotency state (B) of transduced hiPSC-based RFP657.Tet2
reporter cultures from Figure 2D are shown. Integrating LIT. CRISPR.Tet2 particles served as control. Each data
point represents one individually generated supernatant. TRA-1-60: pluripotency marker for hiPSC.
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Figure S3. Quantification of SpCas9.TS mRNA and sgRNA.TS transcripts in a.Gag.MS2.CRISPR superna-
tants that were used for the transduction of primary cells (Figure 5). The concentrations of CRISPR RNA

transcripts in supernatants containing particles targeting either human TP53 (A) or murine Trp53 (B) genes are
shown.



Figure S4
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Figure S4. Efficient CRISPR/Cas9-induced HDR by a.Gag.MS2.CRISPR.HDR particles. Proof of concept was
shown with the help of the recently published EGFP to EBFP transition model.*' (A) Respective single-stranded DNA
oligonucleotide (ssODN) donor sequence. The 120 bp long ssODN used in B, Figure 6 and Figure S5 contains two point
mutations (in red) conferring the amino acid changes T66S and Y67H thereby switching EGFP to EBFP expression. The
mutations are flanked by asymmetric homology arms (in black). An additional silent point mutation (in blue) within PAM
should avoid CRISPR/Cas9-mediated cleavage of the HDR donor template. The black line indicates the EGFP.TS
sgRNA target sequence with the exception of the 2 point mutations in red. The donor was purchased with and without
phosphorothioate (+PT or -PT, respectively) modifications. (B) Co-transfected +PT ssODN during particle production
enhanced HDR. +PT or -PT ssODN donors (0.43 nmol) were co-transfected during a.Gag.MS2.CRISPR.HDR particle
production. HT1080-based EGFP HDR reporter cells were transduced with indicated supernatant volumes and were
analyzed for EGFP- (upper left graph) and EBFP* positive cells (upper right graph) via flow cytometry. The calculated
HDR rate (%EBFP* within EGFP- cells) is depicted at the lower left. The results of three to seven independent superna-
tants are depicted (N=3-7). n.d.: not determined.
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Figure S5. Molecular analysis of HDR events in HT1080-based and NuFF-based EGFP reporter cells. (A)
Representative flow cytometry plots showing the gating strategy for the sorting of edited EBFP*/EGFP- cells (red
box) 13 d after a.Gag.MS2.CRISPR.HDR treatment. (B) Knockin (KI) rate analyses of sorted EBFP*/EGFP- cells.
The genomic DNA of sorted cells from 3 independent experiments (Figure 6B) was extracted and sequenced.
Resulting sequences were subjected to the ICE analysis tool (Synthego).® The ,Edited Sample 1" is derived from
cultures that were transduced without inhibitor. ,Edited Samples 2 & 3 are derived from cells that were treated
with a.Gag.MS2.CRISPR.HDR particles in the presence of the NHEJ inhibitor M3814. (C) Molecular analysis of
HDR events in a.Gag.MS2.CRISPR.HDR-treated NuFF.EGFP reporter cells from Figure 6C. The respective site
within EGFP was amplified and the amplicon was subcloned into a shuttle vector. After transformation, bacterial
clones were screened for positive HDR events. Sequencing results were analyzed with the help of the ICE analy-
sis tool. The switch from EGFP to EBFP in bulk cultures of two individual transductions (Edited Sample 1 and 2)
is shown.
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