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In vitro differentiation of pluripotent stem cells into diverse somatic cell types is increasingly studied in order 
to obtain a molecular understanding of embryogenesis, to build disease specific in vitro models, and to 
develop new options for regenerative medicine and drug development. For these applications, robust 
monitoring of the differentiation process (Fig. 1) is crucial. Monitoring of cell fate requires comparison of in 
vitro differentiated cell lines to primary cells or biopsy material, which is  hampered by culture effects as well 
as heterogeneity in clinical samples, affecting whole-genome gene expression. Differentiation dynamics are 
usually monitored based on the expression of a few cell type specific marker genes, disregarding genome 
wide gene expression changes. Image Analysis 
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Tracking differentiation time series 

We applied the PhysioSpace method on publicly available datasets from differentiation of pluripotent stem 
cells towards neural cells, trophoblasts, and cardiomyocytes. These analyses led to results that were highly 
consistent with a priory known biological information showing the robustness and biological relevance of the 
method even in the case of small sample sizes. We were able to detect a rapid change in differentiation 
dynamics in terms of physiological patterns, suggesting kind of a cell fate decision point in the analyzed 
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We present a method (Fig. 2) that determines phenotypic 
changes in differentiation time series in the context of large-
scale gene expression patterns, derived from retrospective 
microarray repositories. The so called PhysioSpace1 method 
complements single-marker based monitoring by integration of 
genome-wide differential expression patterns. To guarantee a 
high specificity, handling of large heterogeneities has been 
performed using correlation based data normalization in 
combination with robust statistical methods. The method leads 
to stable results, even in the case of small sample sizes and 
across microarray platforms, enabling to reduce experimental 
efforts.. 
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cardiomyocyte differentiation 
time series (Fig. 4B). Analyses of 
the trophoblast differentiation 
time series revealed a proper 
differentiation until day 10 and a 
complete switch of the cell 
culture from day 10 to day 12 of 
differentiation (Fig. 3, 4A). Finally, 
our analyses of neural 
differentiation data suggests that 
ESC-derived neural epithelial cells 
are more similar to fetal brain 
tissues than to adult brain tissues, 

while ESC-derived mature neural cells show also high similarities to adult brain tissues 
(Fig. 3). Notably, the dynamics of the cardiomyocte differentiation is different to the 
neural and trophoblast differentiation dynamics, with the former showing an early 
decrease of pluripotency and a relatively late specification of cell fate (Fig. 4C).  

Conclusion 
The PhysioSpace method can be utilized for quality control of differentiation 
experiments as well as for tracking of differentiation dynamics. The whole genome 
based approach complements typical single gene markers and leads to stable results 
also in the case of low sample sizes. The presented results confirm the validity and 
biological relevance of the method. 
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Fig. 2 PhysioSpace algorithm  

Fig. 1 Schematic representation of the differentiation 
landscape 

Fig. 3 Analysis of 4 differentiation time series 
with three independently derived reference 
frames in comparison. 

Fig. 4 Comparison of the dynamics of three differentiation time series in a 
physiological context. 


