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ABSTRACT: While working with stem cells one of the questions that bother the researcher is about 

their potency to reprogram. So, if the pluripotency of cells is known beforehand, it would be an 

added advantage. Bioinformatics approaches have a viable solution to such concerns saving a lot on 

time and energy. Stem cell isolation and utilizing them for regeneration is itself a very sophisticated 

and dynamic concept. Thus working with such cells statistical and probabilistic aspects would be in 

consideration to tackle the active state. Induced pluripotent stem cells were first described by Shinya 

Yamanaka[1], and since then the approach towards the regenerative field of medicine has seen 

tremendous changes. By utilizing the bioinformatics tools and resources, few research groups have 

demonstrated the level of pluripotency of the cells. All available methods have different approaches 

and have their own set of limitations. After thorough research on such tools, we have designed a 

novel tool for determining the pluripotency. Unlike existing methods, our method doesn’t rely on 

particular cell type or specific file format to start with. It is a straightforward, quick and reliable way 

to check any cell’s pluripotency. The information regarding the gene expression on the pluripotent 

stem cells has been gathered at one place and compared with test cell, all with the help of 

programming languages viz. R, JAVA. Since the identification of cell is based on their genetic 

expression, the output is robust and reliable. It would be a key player in the field of regenerative 

medicine where pluripotent stem cells are being utilized for drug development and gene therapy. 

Further, for gene therapy and ex-vivo generation of cells determining the pluripotency of the source 

cells would not only increase the efficiency of the overall procedure but reduce the time and capital 

investment.     
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1. INTRODUCTION 

Stem Cells are most promising in the regenerative field of medicine. With so many stem cells based 

therapies and protocols for ex-vivo generation of cells being developed throughout the globe. 

Several obstacles are faced by the researchers, and one of them is the determination of the 

pluripotency of any cell. As per definition, stem cells can be divided based on their potency viz. 

unipotent, multipotent, pluripotent and totipotent.  A unipotent cell can only give rise to a single 

type of cell and self-renew, e.g., late erythroid precursor cells can give rise to only erythrocytes. A 

multipotent stem cell has a potential to differentiate into multiple cell types under given conditions, 

e.g., a Hematopoietic stem cell can differentiate to form red blood cells, platelets, macrophages or 

lymphocytes. Pluripotent stem cells have the potential to differentiate into any cells type of body. 

On the other hand, the totipotent stem cells can give rise to the whole organism as they have the 

potential to give rise to extraembryonic cells. The cell differentiation capacity to any of three cell 

lineages, i.e., Ectoderm, endoderm, Mesoderm is dependent upon the potency of that particular cell 

[2]. Pluripotency in embryonic stem cells is regulated by strict regulation of transcription factors 

and the epigenetic modifications [3], [4], [5], [6]. Besides transcription factors, cell surface markers, 

pathway-specific markers, and lectins, peptides markers also play a major role in regulating the 

pluripotency level of the cell [7]. Here, in this study we have used the bioinformatics tools, software 

and databases to overcome the situation of determining the pluripotency of any cell specially IPSCs. 

Initially, we have compared the already existing tools for the similar job, after analyzing the online 

tools we narrowed down on three commonly used tools viz. PluriTest, CellNet, and TertaScore. 

PluriTest is a DNA microarray-based tool in which researchers at Scripps have created a microarray 

database containing the genes expressing in embryonic stem cell and induced pluripotent stem cells. 

For determining the pluripotency of the given cell or cell line microarray file in *.idat (Raw intensity 

file) format, has to be created and uploaded on the website http://www.pluritest.org. Microsoft 

Silverlight is required to access the website, and the uploaded data is compared to the PluriTest 

microarray database. The results displayed show the information about pluripotency and probability 

of abnormalities if any in the stem cells [8]. Other two platforms uses Affymetrix generated .cel* 

file format. Cell Net is a network –biology based platform and claims to access the fidelity of cellular 

http://www.rjlbpcs.com/


Saini et al RJLBPCS 2018              www.rjlbpcs.com       Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 July - August RJLBPCS 4(4) Page No.132 

 

 

engineering more accurately. CellNet is available at (http://cellnet.hms.harvard.edu/) where .cel* 

format can be uploaded for analysis. A standalone version of the same is also available [9]. For 

characterization of pluripotent stem cells, teratoma formation is considered to be the standard gold 

assay. Teratoscore utilizes this property of pluripotent stem cells and distinguishes pluripotent stem 

cell derived Teratomas from malignant tumors and translates cell potency into a quantitative meas

ure (http://benvenisty.huji.ac.il/teratoscore.php). It uses the gene expression data from all germ 

layers and extraembryonic tissues and represents the results in a scorecard form [10]. Therefore we 

begin our quest for a universal input file format, and after thorough research, we developed an input 

file in .txt* Text file format. The text file format is universally accepted and can easily be found for 

microarray analysis along with particular default formats. It also removes the dependence on 

specific file format like in case of other online tools. In-vitro identification and characterization of 

pluripotent stem cells include certain markers viz. cell surface markers, transcription factors, signal 

pathway related intracellular markers, enzymatic markers. Gene expression and genome-

wide H3K4me3 and H3K27me3 expression are found to be much similar between ESCs and iPS 

cells. The reprogrammed iPSCs are found to be remarkably similar to naturally isolated pluripotent 

ESCs. In the following respects, thus confirming the identity, authenticity, and pluripotency of iPSCs 

to naturally isolated pluripotent stem cells, we came across some properties, which are commonly 

present in any IPSCs, and ESCs Telomeres, have ribonucleoprotein heterochromatin-like structure 

which is present at the ends of a chromosome that protect them from degradation as well as from 

being, detected as double-strand DNA breaks. Telomeres present in mammals is consist of tandem 

repeats of TTAGGG seq. and are involved in maintaining the sustainability of cell division, which 

is unrestricted by the maximum limit of ~50 cell divisions. Human ESCs shows high telomerase 

activity to maintain self-renewal and proliferation like properties. Similarly, IPSCs also shows high 

telomerase activity, and they show the expression of hTERT (human telomerase reverse 

transcriptase), which is a necessary component in the telomerase protein complex. IPSCs form 

Teratomas readily after nine weeks of their injection into immunodeficient mice. Teratomas are 

tumors consist of multiple lineages containing tissues, which are derived from the three germ layers; 

this is unlike other tumors, which typically are of only one cell type. Teratoma formation is also 

proving as a landmark test for the detection of pluripotency. Histones are compacting proteins that 

are structurally localized to DNA sequences that can affect their activity through various chromatin-

related modifications. H3 histones which are associated with Nanog, Oct-3/4, and Sox2 were 

demethylated, which indicates that the expression of Oct-3/4, Nanog, and Sox2 [11], [12], [13], [14], 

[15], [16], [17]. 

 

http://www.rjlbpcs.com/
https://en.wikipedia.org/wiki/H3K4me3
https://en.wikipedia.org/wiki/Telomerase_reverse_transcriptase
https://en.wikipedia.org/wiki/Telomerase_reverse_transcriptase
https://en.wikipedia.org/wiki/Immunodeficiency
https://en.wikipedia.org/wiki/Germ_layers
https://en.wikipedia.org/wiki/Histone


Saini et al RJLBPCS 2018              www.rjlbpcs.com       Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 July - August RJLBPCS 4(4) Page No.133 

 

 

2. MATERIALS AND METHODS 

There is a total of 175 genes known as marker genes present in any pluripotent cell [7]. To validate 

this conclusion, an interaction network of these marker genes was generated using STRING, and 

after filtering the results by score provided by string, top scorer genes were got fetched out. Next 

step was to create a method which can identify pluripotency level of any cell. So, for this microarray 

data files (Control sample) were collected from NCBI’s GEO (Gene Expression Omnibus) and 

analyzed the results using GEO2R (a GEO tool). Then, gene expression data file for that particular 

dataset was downloaded. After the preprocessing step which includes Gene matching (Using JAVA) 

and data arrangement; quantile function was adopted to calculate the threshold for any cell to be 

pluripotent. This generated threshold is based upon the Log FC value (Fold Change value) of the 

particular gene. After getting threshold, another data for test sample was taken and again after 

repeating the same process (as done for control sample), after this the log FC value of test sample 

was checked. Now, our main concern is to check that at what level the cell contains pluripotency? 

Since the cells that pass the threshold could either be multipotent or totipotent, therefore, we have 

developed a JAVA program. This JAVA program is trained by giving it a particular range for 

particular key regulator gene in both of ESC and iPSC condition. The result of the program is divided 

into three categories viz. Highly Pluripotent, Partial pluripotent, Low Pluripotent. This approach is 

a novel work for pluripotency determination as it uses the text format input file and a new robust 

method has been developed using Bioinformatics as a tool [18], [19], [20], [21], [22], [23], [24]. 

 

Fig.1: Defining various stages used in this method for finding pluripotency of any cell. 
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3. RESULTS AND DISCUSSION 

The list of marker genes present in any stem cell which decides the pluripotency level of an 

undifferentiated cell was created. These genes were isolated by using different techniques viz. 

MACS (Magnetic Cell Sorting Technique) and FCM (flow cytometry) technique which is one of 

the most effective cell isolating methods [7].  

Table 1: List of 175 signature markers used for identifying Stem cells. 

SUV39H1          SMAD1 LECTINS KLF4 CD57 CD86 STELLA 

SUV39H2 SMAD5 CD133 NANOG CD58 CD87 TRA-2-

54 

EHMT2 SMAD8 CD96 REX1 CD59 CD88 CD45 

EHMT1 SMAD4 CD34 UTF1 CD60 CD89 CD56 

SETDB1 SMAD2 CD38 ZFX CD61 CD90 CD85 

RING1B SMAD3 CD45 TBN CD62 CD326 ECSA 

EZH2 BETA CATENIN CD46 FOXD3 CD63 CD9 TM4SF 

EED SSEA1 CD47 HMGA2 CD64 CD55 TRA-2-

49 

SUZ12 CD15 CD48 NAC1 CD65 CD59 OCT4 

DICER1 SSEA3 CD49 GCNF CD66 CD24 SOX2 

DNMT1 SSEA4 CD50 NR6A1 CD67 CD44 CD54 

DNMT3a CD324 CD51 STAT3 CD68 SATA3 CD55 

DNMT3b CD90 DRAP27 LEF1 CD69 NCA1 CD83 

DNMT3L CD117 P24 TCF3 CD70 ALDH1 CD84 

CXXC1 CD326 CKIT SALL4 CD71 MUSASHI-1 DPPA3 

BRG1 CD9 SCFR FBXO15 CD72 LgR5 CD82 

SMARCA4 CD29 THY-1 ECAT11 CD73 PSCA CD53 

SMARCA5 CD24 TRA-1-60 FLJ10884 CD74 DCAMKL-1 OCT3 

SMARCB1 CD59 TRA-1-81 L1TD1 CD75 TIM3 MRP1 

SMARCC1 CD133 FRIZZLED5 ECAT1 CD76 BRCA1 DPPA2 

MBD3 CD32 SCF ECAT9 CD77 SDF1  

HIR A CD49F C-KIT GDF3 CD78 CXCR4  

DPPA5 CD96 TDGF-1 TGF Beta CD79 PSCA  

ESG1 HAS CRIPTO TCF1 CD80 CD96  

DPPA4 PROTECTIN POU5F1 CD52 CD81 CD44  

To validate our findings of marker genes, we create an interaction network of all these above genes 

to check whether they are interaction partners or not. This result assures us that the given marker 
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genes are interacting partners of key regulatory genes, i.e., OCT-4, NANOG, SOX2, KLF4 and are 

showing great interaction score with each other, which confirms us the presence of all these genes 

in the pluripotent cell. STRING provided us with the nodes which are commonly interacting with 

most of the genes and are having highest scores, i.e., POU5F1, NANOG, KLF4, SOX2, SALL4, 

SMAD2, SMAD4, and DPPA4. Another network was plotted using the resultant common genes 

which we got from the parent network. 

 

Fig.2: (a) Representation of Interaction network between various 175 Pluripotency Marker Genes 

identified by using STRING, each sphere (node) represents the particular gene. (b) A more specific 

STRING network is showing important genes responsible for pluripotency. (c) The final network with 

four key factors namely SOX2, NANOG, POU5F1, and KLF4. 

We found that POU5F1, SOX2, NANOG, KLF4 are most commonly interacts. Thus an interaction 

network using STRING consisting of these four genes was plotted. Finally, genes with the most 

number of interactions and with highest no. of scores were obtained. By this we inference that the 
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presence of these three genes and their expression values in microarray data could be the defining 

factor for the level of pluripotency in any cell. Now, our next step is to initially find out the state of 

any cell, i.e., whether it is pluripotent or not. For this, our first step is to determine the threshold for 

the genes of the cells. The cell has to pass this threshold before evaluating further. For this, we had 

taken Microarray data because this is the only way to check the expression value of the genes. The 

data we take is in TEXT file format, because of its availability. Firstly, the Microarray data 

containing Reference ID (Different for different types of analysis viz. “ILMN_xxxx”  for Illumina 

analyzed data, “xxxx_s_at”  for Affymetrix Data, “xxxxx” for Agilent Data), LogFC (Fold Change 

value showing Upregulation(+) and downregulation(-) of genes), Gene symbol etc. was downloaded 

for whole genome of human iPSC and ESC cell lines (GSE72078) from GEO datasets of National 

Centre for Biotechnology Information (NCBI) by analyzing with GEO2R (A GEO Tool available 

for visualization of Microarray data along with other relevant calculated statistical parameters). Now 

downloaded data was pasted into excel sheet with their respective gene expression values taken from 

series matrix file data. The data was then compared and matched with the expression values of 

available marker genes. 

Fig.3 (a) Table is showing Non-Normalized Microarray data (GSE72078) in excel sheet collected from 

GEO datasets. (b) Normalized microarray data (using Simple normalization function). 

After this, we matched our 175 Marker genes with the existing list of NCBI and downloaded 

expression dataset’s gene list by using JAVA program (specially designed for a finding of no. of 
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marker genes present in the microarray data.   

Fig.4 (a) Table is showing marker genes with reference IDs and their respective expression values in 

each cell line. Also, Calculated Mean and log FC values are shown. (b) The calculated Threshold value 

for detection of pluripotency using Quantile Normalization method through R script (Threshold = 

0.6193309). 

Total 68 Marker Genes are matched with the Genes of Microarray Data of GSE72078 cell lines. 

After normalization we took the data for prediction of Threshold using Quantile function through R 

Studio, this approach gives five different quantile calculated values including min. And max.; after 

taking the mean for these values, we got our Threshold, i.e., 0.62, which implies that if any cell 

passes this threshold, then it could say to be pluripotent. Now, the next step is to check the 

pluripotency status for a sample dataset (Test Sample). For this, we had taken a colon IPSC Cell 

line. The microarray data was downloaded for Colon IPSC’s  (GSE93228- Cell lines iPSC 

CRL1831 (induced pluripotent stem cells)  derived from normal colon CRL1831 cells in 3D cell 

culture conditions and subjected to ionizing radiation doses) and then after arranging and 

preprocessing the data we check whether the cell lines are Stem cell lines or not. If they all are stem 

cell lines then we simply check their pluripotency score by taking the quantile normalization of their 

Log FC value, but if the data consist of both differentiated and undifferentiated cell lines then we 

have to take mean of each cell line’s expression values and then match with the Threshold limit to 

check whether they are passing the set Threshold value or not. If the resultant score is less than the 

threshold, then that cell could be either Unipotent, totipotent, multipotent or differentiated somatic 

cell line.  
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Fig.5: (a)Table Showing Test Sample consisting of GENE symbol with their expression values in 

respective cell lines of Colon IPSC (total 6 IPSC cell lines are taken after neglecting somatic cell lines 

data). (b)Table after matching our Marker genes with the Genes of Microarray Data of GSE93228 cell 

lines we obtained 71 matched entries by using JAVA developed program. 

 

Fig.6: (a) Boxplot is showing non-normalized gene expression data of GSE93228, depicting 

discreteness of the values. (b) Boxplot showing Normalized gene expression values in a linear manner 
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Fig.7: (a) The Pluripotency score is calculated again using R Script as earlier, and it passed the 

Threshold value. Hence we can say that the Cell line for Microarray data of GSE 93228 sample is 

pluripotent. (b)After the calculation of pluripotency score using Quantile function we deliberately 

checked mast cell data which could not pass the Threshold value. 

 

Fig.8: (a) Graph is showing clustered cell line from test sample by Gene expression data by using K-

Means clustering through R Script for the development of Hierarchical clustering in Heatmap. 

(b)Figure showing K-Means clustered data of all six cell lines of test data sets created using R Script. 
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Fig.9: Heatmap Generated for all test sample’s cell line’s gene expression data using the R program.   

After this, we analyze the level of Pluripotency using JAVA Program. For this, we initially set up a 

range parameter for all key regulator genes in three different ways viz. 

1) Highly Pluripotent cells.   

2) Partially Pluripotent cells.   

3) Less Pluripotent cells. 

Table 2 IPSC  Range ESC Range 

Is Data Manually Normalized or Not 

YES NO YES NO 

1) 
5.0 to 9.0 -1.5 to 5.0 2.0 to 3.0 -0.25 to 2.0 

2) 
2.0 to 4.9 -2.0 to -1.51 1.5 to 1.9 -3.0 to  -0.249 

3) -3.0 to 1.9 -3.0 to -2.1 1.2 to 1.49 -15.0 to -2.9 

This Range is based upon the manually compared and calculated expression values of key regulators 

from Different samples (Microarray Samples) viz. (GSE72078, GSE76282, GSE42445, etc.) 

present in GEO datasets and depend upon the condition that either the data is pre-normalized or 

manually normalized. For both, the conditions the range is individually provided in each case of 

ESC as well as IPSC. 
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Fig.10: Result for Pluripotency level determination through JAVA program 
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For Pluripotency level determination we first took the control sample. Our program first checks 

whether the cell lines are IPSC or ESC. Then after confirming that the cell lines are for IPSC. It 

asked for whether the microarray data was manually normalized or not and then according to our 

entries for IPSC cell line with manually normalized data, the program took to consider the range for 

this condition and gave us the results that in which category or level the given sample is lying. In 

our control results show that the cells are least pluripotent in normalized IPSC range. Same is the 

case of test sample our program initially took the same step as done for control and then decides the 

level of pluripotency. Here, in our test sample, the condition came out for non manually normalized 

IPSC data and hence, we got the results for that condition range. We also took test sample datasets 

from different other arrays too like GSE92706 and GSE73330 which were found to be passed and 

failed respectively. For confirming our results, we cross-check our results with PLURITEST by 

taking the above IDs data in (.idat*) raw intensity file format, and after analyzing with PLURITEST, 

the result we got are surprisingly as same as ours. By, this we conclude that the method which we 

develop to test pluripotency using (.txt) text file format is worth to work with and giving favorable 

as well as satisfactory results. Here we have shown only results for GSE92706. The comparable 

results of tested sample with different approaches (i.e., using a text format and .idat format) are 

shown in figures. From our study, we found that the potency determination is a key factor of gene expression 

analysis and by considering only the gene effect we could determine various activities of cells including 

pluripotency. This in vitro approach is competing with other pre available online tools. Such tools are still 

dealing with some bugs as by considering the only limited number of files and with limited file format 

reliability. Also, their dependency on online servers are making them not 100% fit for potency determination, 

but in our case, the approach is working on the text file based logic of creating and arranging raw text file 

into matched and arranged file format concerning the gene expression values and Log FC. The level of 

pluripotency which we are calculating through JAVA determines us three levels, where each level gives us 

an idea about the potency of that particular cell to be differentiated into the basic three lineages. Highest level 

determines the potency of differentiating into all three lineages, whereas partial and low level determines us 

the differentiation into either two or one of the three lineages respectively. This approach gave us the way 

for determining the potency using computer programming language JAVA and statistical method based R 

Script, which was used in arranging data according to the matched marker genes and finally in the 

determination of Level of pluripotency using various ranges. Several graphs and plots viz. boxplots, 

clustering graphs, and heatmap were also developed using an R script. This approach will surely provide 

open access for identifying pluripotency and understanding the working and expression nature of various 

genes involved in reprogramming strategies. 
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4. CONCLUSION 

Microarray data proves beneficial in many regards. To get detailed info about any process related to 

protein or gene expression or their interaction we do need to take help from it. As in the above study, 

we found that to get pluripotency test of any cell sample. First, we have to access gene expression 

data of that particular cell. Followed by grabbing and arranging that data in a proper format, we will 

be able to fetch pluripotency data after checking whether the log FC value for that test sample either 

passing the threshold or not. Using this approach we are now in a state to tackle various problems 

associated with pre-existing online tools. We can make our tool based on this approach which will 

be free from various bugs that are present in existing tools; also we can identify which gene is 

devoting more in making any cell pluripotent. Through this approach, we can determine the 

pluripotency state of test cell regardless of any particular platform or any file format.    
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