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SUMMARY

Clonal survival after single hiPSC deposition into 96-well plates using a cell sorter can thus be improved
dramatically, not only yielding clones in about two weeks, but also facilitating automated workflows downstream.
Using whole well-based image analysis, wells with clones can be quickly identified and loaded into plate maps for
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Human induced pluripotent stem cells (hiPSCs) have been globally recognized as a multipurpose
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types then identified cellular phenotypes that corroborated with those previously identified in patient-
derived hiPSC-based models. Furthermore, we explored the use of these tools and workflows to insert
larger DNA pieces into specific genomic loci to generate fluorescent reporter cell lines for screening for
example. Using a small number of loci, we found that introduction of large DNA donors into specific loci

Figure 7: The genome editing workflow does not affect pluripotency or karyotype of hiPSCs. The genome
editing workflow did not affect pluripotency or the karyotype of hiPSCs as assessed by Pluritest and Karyostat
respectively. Furthermore, sequencing of the cell line confirmed the introduced mutation and clonality.

Figure 2. Comparison of electroporation and lipid mediated delivery of genome editing tools. Cas9
TrueCut v2 protein, gRNA and single stranded oligo donors can be delivered using a Neon Electroporator or
Lipofectamine Stem, two approaches that achieve successful genome editing in most targets evaluated. Neon
electroporation is the superior method to deliver genome editing tools.
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repair or SNP introduction in the pools (Figure 6). Single cell clones were then isolated from each pool using the
automated approach and yielded 17%-37% surviving clones, which were screened by Sanger sequencing for
the presence of homozygous and heterozygous SNP as well as indel clones (pie charts Figure 6).
Furthermore, the genome edited hiPSCs generated through the automated workflow had unaffected karyotypes
and pluripotency, indicative that the genome editing and clonal isolation methods did not affect the integrity of
the cells (Figure 7).

To understand whether the introduced mutations had an effect on the biology of the cells, we then differentiated
the genome edited hiPSC into specialized cell types to model disease in vitro and found that we were able to
replicate phenotypes related to the associated disease by simply introducing a single base change (Figure 8).

editing of hiPSCs. Genome edited hiPSCs were generated and differentiated into dopaminergic neurons to
study the effect of the LRRK2 G2019S mutation, which has been associated with Parkinson’s Disease. Diseased
hiPSCs formed neurons normally but showed a significant difference in cell survival when exposed to the
neurotoxin 6-hydroxy-dopa.

CONCLUSIONS
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Figure 3: Tagging of proteins expressed in hiPSC. To generate reporter lines for proteins expressed in hiPSC,

4 the TrueTag system can be used to facilitate insertion of reporter cassettes in a genomic locus of interest via
CRISPR/Cas9.

With hiPSC-based disease modeling at the forefront of research and drug discovery, the ability to generate disease
model cell lines through genome editing has taken an important place in the field. In addition, the generation of
reporter cell lines further enhances disease modeling studies by providing the ability to identify different cell types
while running assays.
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editing workflow in hiPSCs. We looked at the deposition of single hiPSCs into 96-well plates (Figure 4),
clone feeding and clone consolidation into 96-well plates for downstream processing (Figure 5).
To allow reliable high-throughput isolation of single cells in 96-well plates on a fluorescence activated cell
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sorter (FACS) that allows plate seeding, we first implemented stringent gating strategies to ensure that
single, viable and pluripotent cells were isolated (Figure 4). Factors that may improve survival after
sorting were then tested to understand how the most efficient single cell cloning in feeder-free conditions
could be achieved. Through extending the RevitaCell™ exposure window from 24h to 72h, using
rhLaminin521 as the matrix and StemFlex as the culture medium we were able to dramatically increase
clone survival of a few hiPSC seeded into a 96-well (Figure 4).

Figure 4: Improvements to increase the recovery of single cell clones isolated through automated single
cell seeding via FACS. A stringent gating strategy was used to identify single, viable and pluripotent hiPSCs,
which were seeded using a cell sorter. Effects of RevitaCell™ exposure window, hiPSC matrix protein and hiPSC
growth medium were investigated. The improved workflow based on these results is diagrammed.

Figure 6. Generation of disease models in Cas9-expressing hiPSCs. Cas9 hiPSCs were used to introduce
SNPs known to be associated with Parkinson’s (LRRK2 G2019S, SNCA A30P) or cardiac disease (SCN5A
E1053K, TNNT2 R141W). HDR efficiency was target dependent and homozygous SNP clones were identified
for all targets.
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