
Supplemental methods - The extended version of RNA seq - and bioinformatic analysis 

methods 

 

Transcriptome sequencing and analysis (Section 11 in the main text) 

NGS was done on the Illumina platform by parallel measurement of three biological 

samples both for BSC8_SORE+ and control cells with read length 150 nt. The processing of 

NGS reads was done similarly to the previous work 1. The reads were trimmed using 

Trimmomatic software with default parameters 2. The trimmed reads were mapped to 

canonical nonredundant human transcriptome presented in RefSeq database3 using Bowtie 2 

software4. This aligner became a de facto standard within mapping pipelines and shows a 

remarkable tolerance both to sequencing errors and indels 5. Bowtie 2 was used with 'very-

sensitive' preset of parameters, which allows the most sensitive and accurate mapping (at the 

expense of speed). Only the nonambiguous mappings were counted. 

The obtained gene counts were analyzed using the 'limma' package (implemented in 

R environment) specially developed for whole transcriptome analyses of differentially 

expressed genes 6. Comparison of different software packages showed that limma is the 

method of choice for our goals 7. After recommendation in limma manual, genes with counts 

below 10 in all probes were discarded. This procedure gave 18,810 genes for analysis of 

differential gene expression. All data normalization methods presented in limma (quantile, 

scale) were tested as well as the trimmed mean method from the edgeR package 8. The results 

were similar. The results obtained with quantile normalization are shown. 

 

Gene module analysis (Section 12 in the main text) 

The gene module enrichment analysis was done similarly to previous work 9. The 

biological processes were taken from GO database 10. For each GO category (process), all its 

subcategories were collected using GO acyclic directed graphs, and a gene was regarded as 

belonging to a given category if it was mapped to any of its subcategories. As a source of 

molecular pathways, the NCBI BioSystems was used 11. The redundancy of this resource, 

which is a most complete compendium of molecular pathways from different databases, was 

removed by uniting entries with identical gene sets. 

The contrast test was used for analysis of difference in gene expression folds. In this 

test the mean expression fold of genes belonging to each process/pathway is compared with 

the mean fold of total gene set. For evaluation of two-tailed statistical significance of an 

obtained contrast between these folds, 20,000 random samplings were taken from total gene 

set (of a size equal to the number of genes in a process/pathway). This method is preferable to 



parametric or non-parametric tests because normal distribution that is required for parametric 

tests is usually absent, whereas non-parametric tests can lose a considerable amount of 

information. The random-sampling test is distribution-independent and retains all in-

formation. The adjustment of obtained p-values for multiple comparisons was done after 

Storey and Tib-shirani 12. This procedure gives q-value, which can be considered as p-value 

corrected for multiple tests. 

 

Protein-protein interaction network analysis (Section 13 in the main text) 

The protein-protein interactions (PPI) were taken from the STRING database 13. We choose it 

because STRING places its focus on functional relationship between two proteins, 

contributing to a common biological purpose and contains interactions from multiple sources: 

experimental interactions imported from primary databases, pathways from manually curated 

databases and statistical and se-mantic links between proteins, obtained from Medline 

abstracts and a large collection of articles. STRING is claimed "to collect, score and integrate 

all publicly available sources of protein–protein inter-action information" 13. The PPI 

networks (PINs) were visualized using STRING server. We analyzed dense connected 

components of PINs for proteins encoded by genes differing in expression between 

BSC8_SORE+ cells and the control BSC8 cell line by more than tenfold. The up-regulated 

and down-regulated genes were analyzed separately. PINs consist of nodes and edges, where 

each node stands for a protein and the edges represent interactions 14. The number of edges 

per a node characterizing the number of interacting proteins is termed a degree. Nodes with 

highest degree are defined as hubs15. The degree is a fundamental parameter that is usually 

adopted to evaluate the nodes in a network for the identification of evolutionary conserved 

causal regulators in modular organization of networks 16-18 
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