
Introduction

Drug discovery, synthetic biology and cell therapy efforts 

are increasingly using human induced pluripotent stem 

cells (hiPSCs). However, the inability to robustly manipulate 

hiPSCs as single cells has remained a significant biological 

and technical hurdle. Current techniques rely on inefficient 

methods such as limiting dilution (LD), colony picking and 

fluorescence-activated cell sorting (FACS), which are time 

consuming, expensive and incompatible with the sensitivity 

of hiPSCs. Furthermore, these methods provide insufficient 

documented evidence of clonality. 

Solentim has previously established the benefits of its 

VIPS™ single cell seeding platform (see Fig 1) over manual 

LD for the creation of Master Cell Banks (MCBs), which 

helped shape industry standards for clonality of therapeutic 

CHO and HEK cell lines. Recently, with the advent of the 

laminin matrix, MatriClone™, VIPS is now able to perform 

high efficiency stem cell seeding while maintaining high 

viability. Importantly, the VIPS is able to routinely dispense 

the rich media/matrix cell droplets without blockage and 

can consistently deliver 30 or more clonally derived colonies 

per 96-well plate. 

This application note describes how several different hiPSC 

lines have been successfully subcloned in a robust and 

automated fashion using the VIPS instrument in conjunction 

with optimized culture conditions. This method has been 

shown to reduce time and cost while most importantly 

maintaining the cell phenotype and genomic integrity as 

Standardizing the 
process for viable, high 
efficiency single cell 
cloning of hiPSCs while 
ensuring maintainance 
of phenotype

Figure 1. The VIPS™ High Efficiency Single Cell Seeder

well as providing documented evidence of cell line clonality. 

Firstly, we show that the VIPS plus MatriClone, as a platform 

combination, results in a 3- to 4-fold improvement in clonal 

colony outgrowth of single seeded hiPSCs when compared 

with manual LD. 

Secondly, three hiPSC subclones derived from four 

cell lines, with presumed healthy or disease-affected 

backgrounds, were selected for expansion and extended 

characterization following VIPS seeding and whole well 

imaging. Expression of pluripotency was confirmed for each 

of the sub cloned lines. Finally, we demonstrate that the 

subclones maintained key hallmarks of hiPSCs, including 

genomic integrity and stability after extended culture and 

successful neuronal differentiation to demonstrate potency.
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Materials and Methods

Adaptation of hiPSCs to MatriClone and mTeSR™ Plus 

media

Prior to single cell seeding, four (4) different hiPSC 

lines were adapted to MatriClone for a minimum of two 

(2) complete passages. Cells were cultured via clump 

passaging technique, typically at a split ratio of 1:15 in 

6-well plates with MatriClone prepared according to the 

manufacturer’s instructions. For data generated for this 

application note, mTeSR™ Plus (StemCell Technologies) 

medium was used; however, other hiPSC-specific media 

that incorporate a stabilized FGF2 component can be used.

Seeding parameters

For single cell seeding using the VIPS (passage p+1), 

hiPSC colonies were dissociated with Stempro® Accutase® 

(ThermoFisher) into single cells and collected for a 

viable cell count. Viability should be greater than 80% to 

proceed with seeding. Cell concentration was adjusted 

to approximately 10,000 cells/mL in the cell reservoir. 

Media in the reservoir for cell droplet dispensing and 

subsequent bulk media addition both contained MatriClone. 

Additionally, the outgrowth media contained ROCK 

inhibitor. Using the VIPS, hiPSCs were seeded in 96-well 

plates, which were subsequently fed on day 1 and day 3 

post seeding with a complete media change on day 5 post 

seeding. This feeding regimen was repeated until day 10-12 

when colonies were large enough for passaging. Colonies at 

this stage were tested for pluripotency with Oct4.

Expansion and banking

Using an EDTA-based dissociation reagent, hiPSC clones 

with successful outgrowth from separate wells were 

individually clump passaged (p+2) in media containing 

ROCK inhibitors into a 35mm dish (or equivalent) that was 

precoated with MatriClone. At the following passage (p+3), 

hiPSC clones were expanded into a minimum of a 6-well 

plate for cryopreservation and characterization.

Characterization of pluripotency marker expression, 

karyotype and differentiation

Selected hiPSC clones were recovered from 

cryopreservation and first thawed into 6-well plates before 

then being passaged into varying assay plates. For the ICC/

IF, cells were split into imaging plates and stained with 

pluripotency markers Nanog and Tra-1-60. For karyotype 

analysis, hiPSCs were split into T25 flasks and sent for 

external assessment. Finally, hiPSCs were expanded over 

an additional 2 passages in 6-well plates for initiation of the 

mixed-cortical differentiations.
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Results

Increased outgrowth of viable cell colonies

The VIPS was able to demonstrate high seeding efficiencies 

(Fig 2) with significantly higher numbers of clonally-derived 

colonies per plate compared with manual limiting dilutions 

(Fig 3).

Figure 2. hiPSC clonal colonies per plate using MatriClone in 
solution for both standard Limiting Dilution (LD) cloning compared 
with the VIPS.

Figure 3. High efficiency VIPS single cell seeding of hiPSCs 
using MatriClone in solution (green wells represent successful 
confirmation of single cell isolation).
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Maintenance of phenotype, genetic stability and 

differentiation ability

Through the sub cloning experiments we were able to 

demonstrate each of the following:

• Maintenance of pluripotency for VIPS-seeded

colonies at Day 10 (Fig 4)

• Maintenance of genetic stability via karyotyping

(Fig 5)

• Continued pluripotency in expanded clones (Fig 6)

• Retained ability to differentiate, demonstrating

potency (Fig 7)
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Figure 5. Healthy karyotype via G-Banding confirms stability.

Figure 6. Expanded hiPSC clones maintain pluripotency marker expression of Nanog and Tra-1-60 via immunocytochemistry.

Figure 4. VIPS-seeded hiPSC clones 
maintain Oct4 expression after 10 
days of outgrowth.
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Conclusion

In summary, this application note describes a simple 

and robust workflow for the single cell cloning of hiPSCs 

using the platform technology combination of VIPS and 

MatriClone. Use of MatriClone, an animal component-free 

matrix based on laminin, in solution for the adaptation 

steps, in the reservoir for the seeding and in the media post-

seeding, removes the need for pre-coating plates or the use 

of undefined matrices.

The VIPS instrument is uniquely able to perform the dual 

functions of high efficiency single cell seeding (into dry, 

uncoated plates) with in-droplet cell detection and whole 

well imaging to provide the “double-lock” of assurance of 

clonality. This combination provides significant advantages 

over traditional labor-intensive methods of single cell 

cloning such as LD, with higher numbers of confirmed

Figure 7. Differentiation into mixed-cortical neurons confirms functionality.
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clonal cells per plate. Daily whole well imaging can also 

be done on the VIPS to record and document colony 

outgrowth. Additionally, VIPS generates a Clonality Report 

describing the history of the clone from the cell in the 

droplet to the fully formed colony. This report can be used 

as part of an IND application with the regulator where the 

customer is developing a cell therapy.

The robustness of this workflow has immediate potential to 

impact standards, consistency and confidence of clonality 

in cell therapy and discovery R&D. Furthermore, translation 

of this workflow is already making an impact for cell therapy 

companies.
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