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Stem cells are cells that can be differentiated into other types and are thus pluripotent with the ability to
become cells of all lineages. Cells found in the blastocyst of embryos are called as embryonic stem cells
or ESCs [1, 2] that are considered “gold” standard of pluripotency [3]. There are also adult stem cells
found in several tissues for the purpose of repair such as mesenchymal stem cells that have been
differentiated into various other tissues [4]. These pluripotent stem cells hold promise to aid in studying
embryo development, differentiation of cells and regenerative medicine that aims at “personalized”
medicine [3]. Another class of stem cell known as induced pluripotent stem cells (iPSCs) were created by
expressing key transcription factors in adult cells [5]. The field of regenerative medicine has seen plenty
of research articles on stem cells. While some stem cell types have been differentiated into specific cell
types to cure several diseases such as neurodegenerative disorders, cancer, diabetes, heart disease etc. [2],
iPSCs have been differentiated into retinal cells, endothelial cells, and neurons [6].
Where does bioinformatics fit in?
Bioinformatics is a merger of hardware, mathematics, networking, and databases to develop tools that can
be used by a person interested in life sciences to process and analyze data [7]. Bioinformatic tools can
potentially help in identifying its possible function, for example, KEGG can identify pathways, orthologs,
and functions of sequences submitted [8]. The use of bioinformatics in stem cell biology initially revolved
around self-renewal dynamics of adult stem cells [9] that later saw the application of molecular biology
data along with the use of genome sequencing. With molecular profiling of single cells and systems
biology that aid in modeling stem cell patterns, the field of bioinformatics can play a key role in stem cell
biology [10].
A few tools:
Let’s discuss a few examples to gain a better understanding. The transcriptome of pluripotent stem cells
has been first studied using DNA microarrays with classification algorithms that aid in distinguishing
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classification of pluripotent stem cells can be facilitated by the use of machine learning. One
of such tools

is an algorithm PluriTest that uses measurements of DNA microarrays to analyze pluripotent cells using
bioinformatics models [12]. PluriNetWork can uncover mechanisms and molecules involved in
pluripotency of stem cells using a combination of links to literature, gene ontology and automated
analysis [2]. Mechanisms in stem cells such as regulation associated at a post-transcriptional level have
been studied using next-generation sequencing techniques [3]. For example, the involvement of ZFP217,
a zinc finger protein associated with chromatin in the regulation of pluripotency in human embryonic
stem cells are shown with a MeRIP-Seq method [13].
Taken together, these and many other genome-wide molecular profiling studies have collectively
contributed to our understanding of the multilayered regulation of pluripotency, and have further served
as models to understand the regulation of cell type identity for other, less-investigated lineage [10]. A
common curated system used a combination of social networking software as well as Wiki to combine
research data, key genes and protein circuits to be used with ease and analysis with Cytoscape software
[14]. Such a network is a common system composed of literature and details of transcription factors and
signals that is tailor-made for a particular requirement [2].
The field of epigenetics makes an entry to analyze differences between ESCs and iPSCs as well as to
study patterns seen with iPSCs such as their bias towards lineages of a donor [3, 10]. For instance, a study
published in 2011 used a support vector machine learning algorithm based on methylation data of ESCs
and iPSCs [15] that could identify the ESCs with precision but iPSCs at 61% sensitivity [3]. Regions of
differential methylation were analyzed using ‘comprehensive high-throughput arrays for relative
methylation’ (CHARM) to uncover promoters of factors for distinct lineages [16, 17].
Another application of bioinformatics in stem cell biology is to assess the differentiation ability of a stem
cell using a “scorecard” approach. Bock et al, 2011 developed a deviation scorecard with methylation
patterns and gene expression of human ESCs as they hypothesized that any deviation here could prevent
differentiation to particular lineages. Differences in iPSC lines in comparison to ESCs were tabulated
[15]. Several genes were listed as markers of germ layers, that when expressed at early stages indicate the
differentiation potential, for example, hypermethylation of GRM (glutamate receptor) in motor neurons
[3, 10].
An algorithm TeratoScore uses gene expression of teratomas to evaluate the differentiation ability of
human pluripotent stem cells as they can differentiate into all three germ layers. The origin of a tumor,
either pluripotent or tissue-specific cells can be classified by the tool [18]. Another tool CellNet uses gene
expression profiles to give a prediction of a specific cell type in the query along with transcription factors
[19]. The efficiency of differentiation of pluripotent stem cells can be predicted using a platform called
KeyGenes that uses RNA-Seq or microarray data of human fetal tissues [20].
A data repository for stem cells called the Cellfinder looks at augmenting human embryonic stem cell
registry (hESCreg) into a tool that facilitates the design of projects and analysis of the registry [21].
Additionally, a web-interface called StemBase contains SAGE (Serial Analysis of Gene Expression) data
of mouse and human stem cells and allows for studying specific genes or markers [22].
Conclusion
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This short review has highlighted a few of the tools that find use in stem cell
mentioned tools show that the field of bioinformatics holds much promise in analyzing stem cells using
web interfaces and tools. With further inputs from the various “OMICS” that unravel the roles of
molecules in a single cell, the use of bioinformatics can aid in analyzing fates of cells as well as
potentially delve deeper into this exciting field of stem cells that are being pitched in as a panacea for
several diseases that would help us realize an important goal of stem cell biology: a detailed glimpse into
understanding the nuances of the cells vital for development and maintenance of life
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